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MULT I CATALTT I C PROTEASE INHIBITORS 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of 
Unite, States application serial n^e, 
5 5, 1995, which is a continuation in part of Un.ted State 
application serial number 337,795 filed November 14, 1994. 

FIELD OF THE INVENTION 
This invention relates to inhibitors of 
multicatalytic protease (MCP), to compositions include 
10 such inhibitors and to methods for the use of MCP 

inhibitors to, for example, retard loss of muscle mass 
incident to various physiological states. 

BACKGROUND OF THE INVENTION 

Eukaryotic cells constantly degrade and replace 

15 ce llular protein. This permits the cell 

and rapidly remove P™ £ ^fr ^etabolicV-ways by 
conionitions, Co oxert control ov 

■ ~ ar iHc for energy when necessary, as in 
ammo acids tor enetyy Biochem. 

::::: 7 ;: o r 3 mu"ipi e ^ w - -^ri^ r 

of these pathways appear to ^-^^ 
form of adenosine triphosphate ATP 
25 A.L. 6 St. John, supra. 
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Multicatalytic protease (M CP also r m - , 
referred to as "multicatalytic proteTna's^ - - 
"multicatalytic proteinase complex Z^l ■ ' " 

endopeptidase complex •• "205 ^ , mUltlCatai ^ic 
' - a large molecular weight (TOOkD, It ^gensin", 
lysosomal proteinase ™ , ' °° kD) e «karyotic non- 

proteinase complex which plays a ml. 
least two cellular- r,;,.-^ p ys a role in at 

29(45) 10289-10297 (1990) Th. . «• ^ocAe^stry 

oerb„, y l side „ ( bas . c «• 'Laved « th. 

like acttvity „h.r.i„ p. p t lae J*!' ,2) ' "V'tyfln- 

P-Ptl* beads ,« ri,'" ( t 3 ' " 

r.epon.ibl. tor th. d ,„, a , r . ub ^uiti„, a pp .,„ 

Prot. ins . „„. ln . £^ « « -*ur «bno„ al 
of protein, i„ , roW „ ..^ k, P«t.i„ s ,„ a t „. bulk 

degraded by this na n (1989). Proteins to be 

via their T yslne "^""r bound to ubiguitin 

0 smal! peptides by an ATP Lnl h degraded to 

26S proteasome, whi^^I" a'"" 356 * "» 

core. Goldberg A L » p ! P rote °lytic 
(1992). k ' K - L - 357:375-379 

A second route of protein degradation which 
reguires MCP and ATP, but which does ^ "J* 1 "* 

dberg, ' *«P«. m this process, MCP hydrolyzes 
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PIO r k'l s.p« ™is pr.es. has >.*n abs.rv.d 1» 

58 2; Goldberg, A.L, S«.»« :" 95) 2 « 8 „ protein 
The relative activities of cellular P 

L5 synth etic and degradat- ^^^To^ 

protein mass is associat cardiac cachexia, emphysema, 
such as muscular dystrophy, cardiac leuke mia, 
-prosy, malnutrition, £ ^ is also observed 

20 and cancer cachexia. Loss ° terTO 

i„ aging, long term ^t" 1 "!^ blc* pain, 

confinement to bed, and in c ^ OBiC musc les 

With denervation or disuse, ase 

und ergo rapid atrophy -"tU - t , -is 
25 in size, protein content and neuromusC ular 

denervation atrophy. F»rono, ^ ^ or 

30 26 5/15:8SS0- 8 S57 (19 9 0 ) . ^ inmusc le has not 

proC esse S involved in protein ^ ^ iinking the 

November 26 , 1992) - 
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20 



— st «e S act r:;Li s P r n r iicated - ~ 

of *CP in hlunan leuk l^: 1 ^ hi *» -P-ssion 

Kumatori, A. et al . ^ 87 707, " b ~ n "P°"ed. 

5 ^-P^^^J^O,. Autoantibodies 
'"«*"> have al so been ^Jf^ eryt hem ato sus 
^P- ^. 173: 42 3- 427 (1990) > J " « al . j. 

Agents which are canahi 
complex are needed; such aoent ° f inhi *iting the MCP 
° valuable tool f or both 1 PC ° Vid * a 

the mediC al £ ields in iV " v ' « well as those in 

^leterious effects of abnormal' o C ° ntro1 

^ P — is ^rTcted t : b : h rrant 

° these important ends. 

Tne SUMMARY OF THE IHVEUTJOH 

--atalvti" ^ted to novel 

invention a i„ ' in «-J-bitors . <rho - w 

" also c °mprise S methods for- • u- object 
associated with certain disorrf lnhib ^ion of MCP 

° f -sole wasting disorde^ J"*""' the treatfl]ent 

In one asDecr ^r-^ 
formula: P P^^ed compounds having 



° O 



25 3 



Consitutent members are ,w 

«.«.™. r™- — n « 

30 '"Ployed in ' °" "> e con,po„„ ds M 

„ the MCP Pat jrf:;/™- 1 '"* 

y ana tor presentation of 
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^ be used for inhibiting MCP 

the claims 

Methodologies also are y 

10 COmPOUnd %;I s : h :nro e re" n f ea t u r es of the expounds will be 
set , ort ; ^Panded «o» ... - disclosure continues. _ 

BRIEF DESCRIPTION OF THE DRAWINGS 

«■»,» effect of embodiments of the 
Figure 1 shows the effect o electroporat ed 
15 disclosed KCP inhibitors on processing of 

OVA by M12.B6 cells. concentration on 

Figure 2 shows the effect of ova 

an embodiment of tne 
the inhibition of processing by an emo 

invention. nf OVA concentration on 

Figure 3 shows -««~ o£ th . 

th e inhibition of processing by an em* 

invention. „ hv «ical map defining the SOD- 1 

Figure 4 shows a physical map restrict ion 
Q ene and thl location of the WLS mutations, restr 
25 site s and the PCR prime- , " „ of levels 

Figure 5 shows the q incub ation with 

in , ra nsiently 293 ^ ^ 

5 of ^^;r dose resp onse of various SOD-1 

, . ^ the invention. 
30 isoforms to an embodiment of the ^ a function 

Figure 7 shows that SOD 
of MCP activity. 

. DETAILED DESCRIPTION OF « J~ ST""" 

This invention P^^^. and methods of 
35 compositions including these inhibito 
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«ing these inhibitors. The > 

invention are represented, faTl^l T" °' ^ 

or example by the fonmilai 



? 



R 2 R 

3 



where 



in: 



10 



-CC^JOR^Vt^ilTd^^^rsoT 9r ° UP C ° M1 «"»» of - CSN , 
Rj is sel ""-oOjR,, and -NH-j; 

hydroxyl, alxyl havlng d £ror o the ^ C ° nSisti "* of „, 
-C(-0)CHP„ -C(-0)CP „ ' ■ C '- C ) CH ^. 



— B — 0 „ n 

~ fi — 0 — B — 0 



1 ' II ? — V 

°— (CWihk , 0— CHh, 1 ' 



and ( / 



p gf independent ^ 

w is cycloalkyl; ' 
2Q -CH, and SeleCted fr °" the »««P =ons isting of . NQ ^ 

*. is -(ch j}b - NH -c(=nh,-nh-. 

yj - na ving from one to P ,"nKf 

no eight carbons, said 
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n« substituted with one or more 
alkyl group being optxona y * 

halogen atoms ^ ^ he- t J group consisting of =o, 

' N OH -N-OCH 3 , -M-0-CH 1 -C.H„ =NNH-C ( = S ) -NH 2 

=N-NHC(=0)-NH If =N-OH, -N OCH 3 , 

s and =N-NH-a; ^ ^ ^ consisting of _ 

and al*yl having from one to six carbons, saxd 
hydrogen and alkyl h * substi tuted with one or more 
alkyl group being optionally sub 

a( -oms arvl or heteroaryl groups, 
halogen atoms, aryx 
, n j is a protecting group; 

L ° n is an integer fro* 3 to 10; and 

m is an integer from 2 to 5 . . 
in some preferred embodiments R, x. -C-^ 
_C(=0)OCH 3 , Phthalimido or -NH-S0 2 C F , and xn 
^ • u nr cvclopentyl. 

15 preferred embodiments R 2 xs H or cy ^ F ^ 

R3 is preferably -(CH 2 ) 3 -NH C( N R 5 ) H . Rj/ 
q is preferably -CH-R., -B(OH) 2 , -C(.0)CI 
or has the structure: 



OT 



-MTS , or 



Rj is preferably -*>,. ^ -PMC, -MTR, 
K 7 is preferably -CH(CH 3 ) 2 , -(CH 2 ) 2 -CH 3 , -CH 2 -CH„ 
" " C6H5 ' R 8 is preferably =0, -H-OH, =N-0-CH 2 -C 4 H 5 , 

=NNH-C(=0)1nH 2 or = NNH - C(=S) - N " I d . ments Rl is -C(=0)OCH 3 , 

X„ some preferre - -^^ yl| Rj is 
phtnalimido or ^^^^l and R. 1- -0- . 

,,_NH-C(=N-NO z )-NH 2 or 
cyclopentyl; R, xs -(CH 2 ), * and r 8 is -O. 

30 - ( CH 2)3 -KH-C ( =K- J )-NH^ x ^2£. nt . „ is C , N; R 2 is 
In further preierreu 

rCH ^-NH-C(=N-N0 2 )-NH 2 or 
cyclopentyl; R, x8 -(CH 2 ), 
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-(CH 1 ) J -IW-C(-M. J) . IIH R? . s 

is =N- NHC ( =0 ) -NH 2 , .h-OH. =N-OCH o " " CH " R "' Md * 

As used herein th = N -0-CH 2 -C 4 H 3 . 

include s^i^.";";"'" 6 ^ " a ^yl" is neant to 

^ .-ch as e thy J i s :X n ;/~ io and C — hydroc.rbons 
Substi tuted alkyl ^ -roup.. 

-re hydrogen ato ms ha v e been reL *' "* WhiCh °" e « 

hydrocarbon groups (£or * other 

heteroaryl group e , „ Phenyl group), a 

" — are i„\err P u p :id b y r 0 0 ; y P g e n ^ °~ ~ ~~ 

"roups have 1 to a P bout b 8 y c ° a X r y b 9 o e " ■ deferred alkyl 

the term .. haIogen .. ha : 1 8 ts ca : su ° a n 1 a : oms : as 

fluorine, chlorine bromi "»*nx„ g and includes 

15 present invention has ! t 'nolaT M USed th. 

abbreviation for t „. "eaning as the 

In so 3101110 aCid "^inine.- 

in some embodiment ^„ 

contain protecting g«C A. °' ^ iWenti ° n 

"Protecting groups .. ±s ^ USed he "m, the phrase 

'* interpretation. Protectlna 3 ^ 

chemical functional aro^. ™ P " "™ ^ ^ " " 

appended to and reeved fr 0m f ^ 

hydroxy! groups, ^ ^ '^T^ ' ^ " 
groups are present in ff *f" P ' *" d "rboxyl groups. TneS e 

wh.ch the co mp ound is exposed. L yo f C ° BdltlOM t0 
Protectin, groups may fae * of 

invention. One «,^k he P re sent 
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MTS 



MTR 



TOS 



CBZ 



PMC 



15 



Further representative P^^^'"'^' ~™ ." and _ 

practice in the invention may be found in Greene* T 
Lts P CM., 'Protective Croups in Organic Synthesis 
T'wiley . Sons, 1991, the disclosures of which are 
here b y incorporated by reference in their -tirety 

Y A s previously indicated, MCP activity ^ 

■ t- r nf MCP and because the usefulness of sucn 
activity of MCP, and research and therapeutic 

compounds can be applied to both r activity of MCP 

settings, methodologies for ^^^^ZJ^n 
by contacting the MCP with a "^^f^^^ a 
Include providing the compound to a 
k «„ as a medicament or pharmaceutical agent. 
h uman, as a m^ ^ ^ „ contacting .. means 

■ ^ „«- lv causing placement together of 
directly or indirectly causing p ^ ^ 

Pieties to be contacte ^ * Contacti ng thus 

phy sical contact with e c * ^ • th . moieties 

includes P^""^/^ adm Listering moieties to a 
together in a container, or istering a compound of 

patient. Thus, for example . disease or 

the invention to a human P'"^^ J. trant 
disorder associated with abnorm ^ ith such disease 
activities of MCP which are associated wi 
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within «- - - definition of 

S to Patients suffering from a d ; s n o V r e d n e ti0n . a " administered 

Physical condition, a disease or patho abn0rinal 
condition associated wirh k patho P h ysiological 
activities of MCP The d - ' nd/ « 
compositions of the diS <~ de » for which the 

» «, th :: e ^cTd^; r L adm r ist — are 

—no (i . e ., loMJ Q£ mus ;:; y j; s ind --^ P^uce a 
wasting disorder. These in., w 3 muscle 

osteomalacia rhnn -^prosy, malnutrition, 

» cancer cached — cachexia and 

In the context of th<* 
-eans introduction of the ohal inVSnti ° n ' "Ministering" 
a P^ent. Preferred methods of a l\ COlnpOSltion int ° 
intravenous, subcutaneous and ° f / dnini "«tion include 
20 administration. Prefera bI / 

administered as a Ih * COn, P° u ^ win be 

- compound in c^"^ ~«» -prising 
acceptable carrier such , pharm aceutically 

suitable carriers «n be f ^^^"i Other 
iMJ 5ae "«s (Mack Pub. Co f* c . 
The concentrations of the ' 1980) ' 

herein in a Pharmaceutical coL C ° mPOUndS bribed 
upon a number of factors in cT d ^ ^ 

^ be administered ^ ^ ^ th * d ° S **° °* the drug 

'0 hydrophobics o t ^ colT! ha " CteriStiCS (e '^ ' 
of administration In "IT emPl ° yed ' 

invention may be provided ^ ' ^ ^V*™* 5 ° f this 

buffer solution coT " " a<3Ue ° US Penological 

solution containing about 0.1 to in* ~/ 

for parenteral administration. t^L" do Se 
» from about 1 ug/*g to about 1 g/ k To t bJ " n9eS " 
a preferred dose range is from 2 ^ per d3y; 
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to b e administered is likely to depend on ««J 
as the type and excenc of progression of the disease or 
disorder, the overall health status of the particular 
TJent. the relative biological efficacy of the compound 
5 'selected, and formulation of the compound excipier.t. and 
its route of administration. As used herein the term 
^atHnt" denotes any type of vertebrate. Preferably, tne 
narienc is a human. 

P The muscular dystrophies are genetic ciseases 

0 which are characterized by progressive weakness and 

degeneration of muscle fibers without evidence of neural 

degeneration. . In Duchenne muscular dystropny 

„ ^-f a c7 4 < reduction in muscie 

p «ien t s display " ™ ° * Zll^ — =X. P-"in 

mass, and in myotonic dystropny, 
S Z hesis has been shown to be decreased by an average of 

Z. without any corresponds decrease 

protein synthesis (possibly due to 

response to anabolic hormones castrates . -celerat 
protein degradation has been aemons^ated -n 



20 of DMD patients. 

Severe congestive heart failure (CHF) 

.. - . e . , a muscie 



is 



r _ ac . er , zed by a -cardiac cachexia," i.e., a muscie 
characwe.-zea y ca . diac and skeletal muscles, 

protein wasting of both the .""^ Tne caraiac 

w , ch an average 19% body weight decrease. T 
25 cachexia is caused by an increased rate o= myof.o-illar 

Protein breakdown^ obstruc tive pulmonary 

Emphysema is a cnrum.^- 

- f,„ ed bv an enlargement of the air spaces 

infections, edema, ana run .„ eased b y 47% in 

life . spa , T he efflux 
35 emphysematous patient »' ^ ^ ■ oxidation is increased, 
remains normal, ^--^j^,. decreased. The result 
and whole-body protein synthesis 
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is a decrease in muscle protein , 

a decrease in whole body protein ynthesis ' accompanied by 
—el. «... Tnis decre y ag P e J^™-' — -»l.t.l 

with disease progression and lo n Tt evi ^nt 

X» diabetes .eiiil ° L n s deteri0rati °"- 
wasting of small nuscl ' nere " a generali 2ed 

chronic partial denervation T ' ^ iS due "» 

evident and worsens Z^^^T** ' ™> " — 
"verity. " 9 terin disease progression and 

10 Leprosy is associated with » „ 

which occurs between fho muscular wasting 

.ii-. .*v. re muscl . „„ t ™ " <"»'««ri,.d by . 

Osteomalacia is * . 
» a deficiency of vitamin" ^ caused by 
« "rickets- i n children " ~ fe "*< to 

" is .ar.ed by . softening of t ° h ~ a — *» —It.. 
n,inerali 2ation/ with J ° e i ^ *° 

P*in, tenderness., .uscle H^ 0 " °' ' 

20 and overall weignt loss 3nd »«*»•«, anorexia, 

repeated pregnancies and lacta^" 3 " 1 * ^ maInut ^tion, 
depleting vitamin D and e ? (Ousting or 

res istance . C3lCi - "ores), and vitamin D 

*n childhood aeut-o i« 
» -rg y malnutrition wh^^^ ^ 

— ting. studies have shown tha t mUSCle 
the muscle wasting J£ th « »«» ^ildren exhibit 

with an average 21, decrease In m^T" °' ^ leu * e «^ 
also a simultaneous 33%-37 % inc maSS ' ±S 

30 resulting in no net chang i T" " adiP ° SS tiSSU *' 
ll»b circumference r.l. ti v. b ° dV Wei ^ and 

occurs with n J"ia C W C e heXia i 8 3 "^'^ Syndrome "hich 
t-or. and ^0^^^ ^ Patien " ^ ^ 
5 cachexia is »a„U ^ / T""' Clinically, cancer 
depletion of ^th ."it,.. t ^ l0SS With massi - 

is one cause of death "Lh "* 1680 "« "< 

death which results from cancer, cancer 
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cach.xi. parents h.« shorter surviv.! 
de „«..d «.po».. „ C.-othsrapy 

ci «™«.»=.. and co.diuion. =PP«« ° ^» . mlction . 

pain -and improves function ^ in old _ 

It is also believed that genera 

ne the body ages, an 
age is due .to -cl. . g. - J*» ^ fay 

, increasing ^ £ s . signif icant reduction in 

:;;:r e %::::-rn; . ~« - — 

'~" • studies nave shown that in 

. juries or 

periods of me, there 1 « muscle mass . 

wasting, with an average 31% decrea corrected witn 

Studies have also shown that th can ^ 
intensive physiotherapy. However t ma ^ ^ 
5 effective for many patents to effect 

drug therapy. wasting of the anterior 

In alcoholics th ~^ J^i^ is caused by 
tibial muscle. This proximal muscle d , 
neu rogenic damage, namely ^ -d^lycj _ 
30 phosphorylase enzyme acu y. duration of the 

apparent and worsens the longe th corticostero ids 
alcohol abuse. Patients treated 

experience loss of muscle mass • intra cellular 
„CP has been shown to act! 

rpferred to as Nt^pp. 0 
35 mediator of inf lanonat. on refer ^ 

Baeuerle, P . A. and Henfcel ^< l » ^ pote ntially have 
12, 141-179. inhibitors of MCP th 
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treatment ° f ™- and inf iammatory 

3 f o regoing conditions/ :i\tr l a : es :t ting from the 
the Mcp Obiter, of the rn Ve ; ti ; n thers - "-^"-"y, 

vet erinary and animfli husba J^ ti0 " «• useful in 
-xght loss in animalS/ or ^ a _PP Nations to counter 
MCP has • P ro ">ote growth. 

> P*Pti d e antigens P™tion of 

X (MHC X, pathway . "^00" 0 " P ' t:lblllty 

-search reagents in studies 1! therefore h — utility as 
Pathway is desired as ^1^1^^ ° f the ** I 
leases and disorders « the alleviation of 

and/or abnormal MHC-I process^ T^"* aberrant 
P-cise origm of MS / 0 "1 Z"'^' Because the 
molecules is still the P^des presented on mc-i 

2 ° — tly accumulated "a^cV" bSCaUSe *as 
Presentation (see a role in MHC-I 

disclo Sed « CP inhibitors whlch'bfTi' r6agentS * UCh 33 tne 

Processing of antigens for ^ c I ^ 

useful m resolving the ,- Presentation would be 

Sutpri sin ^i TZTT ° £ PathW ^- 
^i bitors of the invention are a7s been fOU " d MCP 
the activity of C u/ 2n superoxide d "^ng 
enzyme. Accordingly th ! dis "utase-i ( -sod-i •• , 
-search settings^ ^v"* »»™ -th 

•yt— and in the tre atl „ent of °' S0 °' 1 defici *"t 

disorders characterised l y a ^ ~ UIOd * '""•"^ °' 
activity (i.e., wherein . h ™ dUCtAOn in S0D ~i en 2yme 
— a ted in the ^7 ^ 

conditions include diseLs f dlSord * r > ■ Such 

-»ch as Peon's dls ease A T h "^"^ St ~ ss 

Huntington-s disease , ^ ^- e , 

scro*e, trauma, and ischemia. 



15 
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SOD-1 is a homodimeric metal loenzyme that 

• « the toxic superoxide anion 0 2 

to 0 2 and H 2 o 2 . suu j. 

^- a first line defense in the 
therefore acts as a ^ rst ., cal5 wnich ar e normal 

5 detoxification of superoxide "^"^^^^^^^ primarily 
^-products of aerobic sm o£ ./dually 

in eu.ar.otes and is °« * ^ ^ /en^e in the 
; hy si:i JcTrespcle « oxygen toxicity and has been 
.0 activel/investigated as a «™^S- «r...: See 
P atholo g ical Tr - - ^ 22: lu . l80 

Banni , Morhods in Enzymol., 186:1-/3 

(19B7) , Halliwell - ^ ; ; a ~/ Med . Z 201 -209 ( 1990,. 
(1990); Creenwalc ^ ^ _ Qf ^ 

15 \ n t are its poor intracellular access when 

a therapeutic agen « P shQrt half . li£e in 

supplied exogenously, and it acti vity of 

serum- Therefore, compounds that enhan 
intracellular SOD-1 would provide a significant 

.generation of large motor neurons .the .1^^ 

brai n. A PP" Xima " ly te - d 10 as % a : aut osomal dominant trait. 
(FALS) an d are inheri a^ „ ^ _ been 

25 Recently, sixte ^ faJnilies with FAL.S and occur 

identified in a subse ° f Rosen , D . R . , et al., 

within the gene encoding SOD l Natujre 

Sconce 261:1047-1051 (1993 ) , Deng, H ^ 

c-> MQq3i These mutations leaa to 
362:59-62 ( 1993). Tn ^ tissue , and 

30 SOD-1 activity in red Dio pro tein resulting 

have been shown to destabilize the ^ 'J g> A . c ., 

in increased turnover of t e en yme S. 

6 ;; 23 5 2 c 2 i . 2 2 l: 8292 -8296 ( 1994). 
et al., Proe. N«tl. ^cad 5ci^ ^ upQn 

35 Additionally, a "^"^ ^ ^ S 0D-X and ALS. 

the implication of the ^^on lfi NEJM I?0J (1994). 
has been described. Brown, R.H. 
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We have discovered that our mcp 
potent positive effectors of SOD 1 " ^ it ors «e 
inhibitor, referred to herein as -r Preferred *CP 
specifi caIly reduces wi L t " and C ° mPOUnd 14 '" 
5 degradation in a d mutant S0D-1 

designations are ba^ec i'^TZ 2211 
discloses the synthesis Tf the ? """^ WhiCh 

^thesis of compound I< s^/™' ^ 
intra). As used herein * °" h ln E **"Pie 14 , 

- .eans retarding the IZ TZT^l ^ 

catabolized. SOD-l protein is 

- of jitrjr"^ ^ 

intended to further .luc««, th ! "™ 
" intended to l iln i t the scope If ^"^ 10 "' *" d «. not 

cope of the appended claims. 

Example l 

Isolation of multicai-aj,,* • 

«-*.. "tit: """" ■ 

precipitate ana ... *™ p,, >-- —»™ aalf.c. 

=o ldb e rg . *,«r "'""J*" 9 - ■»« 

.TF^n iue component of MCP rnnin ^ 
the supernatant (see below) The s det -ted in 

0 fractionated on a O^-s.Tn-ro.Tp.TpT'""' 

eouilibrated in homogeni ^io" bu f er ^ - 

supernatant, 250 ml of resin wa , I ° £ 

homogenization buffer and nro^ • S 

i • ' and P^otexns were eluteri t^-^K 

linear NaCl orarfionf * * exuted with a 

resin,. ^J^" "° ^ 4 °° (21 ^ 250 mi 

UOnS W6re ** MCP activity, and the 
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active to-- ons were pooled and subjected to 
precipitat^n with (HH t)l SO. at 80% saturation. 
pI ipitated proteins were collected by c««^-g.t«n. 
'Suspended in homogenization buffer, and loaded n, 
5 Lphacryl S300HH column (500 ,1 resin volume) that h d 
be en standardized using bovine serum albumin < « *^ 
single peak of MCP activity was eluted with a 
weight of "650 KOa. This preparation was free of o her 
leasable proteolytic activities and 

10 activity upon storage at 4-C for >6 mon ths Thx. 

preparation was used for most of the -^~ n " a £f * 
Lctionation of the preparation on an * more - 

Ultrogel column (V^oto et .1.. yielded - 

highly purified enzyme, which according to denatur ng OS 

15 polyacrylamide gel electrophoresis was comprised ^ of the 
expected >i0 subunits ranging in M, from 20 to 35 KDa. 

Example 2 activities of 

Assay for chymotrypsin-like and trypsxn-lxke 

The procedure for MPC isolation described above 

were latent, b Q5%) of S DS (Yamamoto et al., 

low concentrations (0.02 0 J was assayed 

s - JP rs). The chymotrypsxn - like actxvx y 

25 according to the ^^^^1 XO-fold in 

microtiter plates, human MCP was ax 

(m etho*ysuccxnyl Glu y Pennsylvania was 

30 Bachem Bioscxence Inc., Kxng & 

added to a final concentratxon of 100 n vQlumes 

solution of 10 mM in *i«-^-""^ n ." various 

were 200 ,1 per well. After xncubatxon _for ^ 

• no r t he concentration or t ree f 

periods of time at 37 C, the c read er, reading 

„„ a Biotech EL-340 microplate reaaer, 
35 determined on a Bxotecn ,^ rivitv was determined 

absorption at 490 n». Protease activity 
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proportional to the con,™ afa sorption was 

Alternatively a f, COnC ' ntr<l "°» of free pNa . 

System Products, Dublin ^ ^ «**«u«. tlll (En2yme 

"uorescence Stored a ° '^.^ *« 
emission at 460 n*. e ««.t ion of 390 „», and an 

The trypsin 7 * v 

10 « bribed a'tJeU" 1 ^ 0 ' ^ 

-Ufic.tions. Reactions ^^"-^ 

glycerol buffer (p H 9 5, « , 3rried out in Tris- 
-rcaptoethanol, a„ d th i ■ U « ,1 « M »*-a ^th 1 « 2 . 
„ — , ^^^^ ^ 

15 After incubation for ~ Arg - AMC (100 „ M) . 

3"C, t he concentration of '^ST" — « 

"uoro.k.n xx spectrof luor J^J^' on a 

° f 390 ™ «»- •» emission fl ";! / n —Nation fii ter 

activity was determined und ° ^ P -^ease 

20 substrate hydrolysis !n C ° ndit -- in which 

change in fLore^i T~ ™ «~ «d the 

concentration of free ""^"""^ "> the 

Example 3 

Determination of -n- 

n ot IC 5o values for mpp thk-w 
25 rr inhibitors 

-» -M blt „ r) L'. ™ «... «. ^„ 

30 Pr„. r . bly . th . lnBlb f tors '" tl .' "°*" a 

of tha „ about 10 u«o;:;r ion hav * ic - 

ing the 
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and replicate experiments were performed for the 
inhibitors described herein. 

10 discussion of the procedure. 

juvenile female Spragu-Dawley rats (80 90 g) 
v. limb suspended as in Jaspers, 5.k. 
were tail-cast, hind limb suspen 47 2-1479 . 

u, - m p d984) J. Appl- Physiol. 57. 14 
and Tischler, M.E., " *^ floor of 

IS the eg. wUl. .«» .nlMl hous.d 1 Kli»id«.lly. 

th.ir *=•= ««• "« touehi^ We floor of * ) 



cast . 
A 



Experimental Design - Part 1 

E.ch .«p.ri-.« .itl. «. .».p.».i» °« 

si2 e in other animals suspend ^ 
body weights the groups a t — _ £or body 

were compared and u a. a co ^ 

size differences. Group a with an aqueous 

which had the soleus of one imb e -~ ^ „ 

solu tion of mersal^ . after atrophy duting 

demonstrate the ability to Mersalyl has been 
unweighting, for each group « ^ gtrophy in 
35 previously studied and demonstrated P r 



30 
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:™™:dt™ u ' - d ™< * «- 

-»r..l yl (200 „„,. 4b1/100 d ' i * i " Ei ^"» s ~l«io„ c t 
» into one ,ole u ,, „ d..c-iL,, b ° dy »*• injected 

<>■»* "line (-v.Mcl.-l Th * """" vol »-« « 

"•" d " Innovar- vet , 10 

» — « th .™ ~" for - add — 

experiment „.« U . M for ^ c ■> for 

different e^odi„. nts o£ eh . "*"° 9 /* eh ° f »» 
AnlnuUs „ere ,«,.., . <Ji»elo..d compounds. 

«e created as in oroun n 

inhibitor, contained in d im lT ?' thaC 1 «*« 

injected into the soleus o f one^l ^ ' 

contralateral soleus. Thus ™ ^ "* ° MSO the 
^o control grouos and the r ex P e ~ment consisted of 

the inventio!. cl Dl e ^ ° f MCP ^icor. of 

with dif ferent P aL s of ln hT ° f 

v alue of 10 for P Cesc S ° f - Provided for an 

-sted in Cwo s e h 3Ch - MCP ^bi t or and with each 

Srent sh ^P-"ent S of animals. 

B- Processing of the eoleua »u.cl. . Part , 

» -ised, ™" trir sacrificed - the — 

carefully weighed tL ! """"^ tissue, and 

-.chloroacetL acid" cTn 1 : tT ^ h ~ *« 
Pelleted by centrifugal "^r^"^ 
once with 10 * TCA and once wit h efh , ^ 
30 final pellet was solubil T "hanol .- ether ( 1:a) . The 
hydroxide Th! V ? ln 4 ml of 1 N sodium 

content by t^b u^ ' ^ ^ *« ^.in 

standard. Procedure, using albumin ag a 
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C - TeT^; T«C* "ors on total -cle 

\ « examined primarily by paired 
protein content was "^ te / contralat eral muscle. The 
comparison with the and then analy zed 

rati o of contents wa. " ( ^OVA" ) . 

statistically by analysx , o ^ . n cQntent 

leg was always the tre e leg eated control 

rat ios could be compare t - ^ gignificant dif£erence 
animals as well. m thx y conte nt of the two 

can be shown by co^P-ng tivenes5 o£ the tested 

le gs, as well as test was also performed 

"MCP inhibitor 5 -.- AP— ----- e treatmen t. The non- - — 

;::r„ :La ~r«. » — - — ~ h 

the Groups B, C, and D. 

D . Experimental Design - Part : 2 ^ 
EaC h experiment th _ of the 

20 .roups of 5 animals being ^ Control 

inhibitors for its effect on p ^ as 

animals were not needed fo, : - ^ as the paired 

th . contralateral P^ 0 -^*^'^^.. Each group was 
control for the inhibitor-treated^ m^ ^ ^ ^ ^ 

25 injected as described £ « « r ~ P treat ment the 

Twenty-four hours after the ,n . in bQth 

actional rate of P— ^ in jected with a 0.9% 
sol-s muscles. Each muscle « , ^ , H . 

saline solution (3-5 . * pifteen min utes later 

30 phenylalanine (SO * ^^scle was excised and the 

E- Processing of the minutes in 

The muscle was f - S ^ cycloheximide , to terminate 
35. 0.84% saline containing 0 . 5 mM 
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Protein synthesis, and 20 m« cyclop - 
Phenylalanine in the c . u W«*-»ex»e,- to trap 

homogenized in 2 5 m , t USCle Was ^en 

ml of ice-coin -5a 

Precipitated pro tei n v,as pe il eted b PSrChl ° riC The 
» «i W of the supernatant' ^ ^"^"on. One 
-xntillation counting and another a 'o 

for conversion of phenylalanine, ^ P r °««ed 

determine the soluble Dh l n Ti ^"^-to 
^orometrically. "r^p" eOMWBtr ' tl « 
"•-tAoii,*, in Z ' « al., 1993 

intracellular specific " Pr ° Vld « the 

a pecit ic activity th« 

Phenylalanine in the muscle protein a " iVity ° f 

hydrolyzi ng the prot 8 P">t. A „ was determined after 

» -ids released Jre soluMl^d 9 ' " ^ ' ^ — 
was taken for scintillatio n ! " ^ aliqUOt 

-lysis of Phenylalln. Is irrr f " 
^e fractional rate of protein ! su P e "«ant fraction. 

P-tein .p^iflc ,cT , ^■"^ "Iculated 
20 activity x tiM l -^-^/intracellular specific 

F - Data analysis - Part 2 

^^^■1 VS6S 

<~ .... M cp sy c:v °- * — 

comparisons of the cnn* , student paired t test 
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" i ac v of effect of the MCP 

Table 1 shows the lac* oi 
inhibitors on control muscle. 

Table 2 shows the change in protein content 
5 during the third day of unwexghtxng. 

Tab le 3 shows the effect of the KCP Inhibitors on 
unweighted muscle protein. 

Table 4 shows the effect of the MCP inh.b.tors on 
unweighted muscle synthesis. ■ 
In th e Tables, the compound number refers to the Example 
number where the synthesis route for the compound is set 
"forth. "" 
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Change i n p rn ^ * ^ Table 2 

Protexn Content During Day 3 Qf „ 

y way 3 of Unweighting 

Treatment 



<0.001 



Confound 3 4 
Compound 14 
Cornocrjnd 2 0 
Compound 16 



676 | 


^3 








1 <0.05 




^5 




| <0.05 


"T~T t~ 


0 


j[ >0.1" 


TT f- 


^4 


/ <0.07^ 


TTo" f~" 


^5 


] <0.07*" 


values 







^rginally 

Effect of MCP Tn» *k- Ta Me 3 

Inlubitor. on Unweighted Musci 



e Protein 




l-cjc of Effect — ;y 



s on 
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Example 5 

«f MCP inhibition Using MHC-1 Processing 
^° nS ™oun d ro f The invention were assa.e, fo, the 
abi lity to ILbit the processing of exogenous ™™ 
c ! th. class I major histocompatibility pathway (MHC-I). 
5 by the class ma 3 aonlied to a functional antigen 

The MCP inhibitors were applied to a £ innib itor 
orocessing system that allows inclusion of the inhi 
w : h in he antigen processing cell curing exposure to 
followed by fixation of the processing cell. 
10 ^ri 9 :;- d - -e'then added to the processing cells xn 
10 cell nyor . nhihitor to determine the expression of 

th e absence of inhibitor to pr0ce ssing 

peptide-MHC^I complexes, which rerxe _ _ 

prior to fixation. 

a Cell Culture ^ 

At 37°C in a humidified 
C.ll. were £ ^ s „ nd „ td „«„ 

mM \ See also Harding, C.V., l"") 

5 ' !o!a M12 B6 cells (generous gift of Osami 
22 : 1865-1869. * - T . Louis , „0) were used 



20 



30 



T ,„a Washington University, ST. «ui», ^> —— 
Kanagawa, Washingt ^ creat ed by fusing 

for antigen presentation they Lps _ stimulated 
25 M12.C3 murine B lymphoma £rom . c57BL/5 

splenocytes (source of B lympn ant igens . DOWB 

mouse . Accordingly, they expres t e 

T hybridoma cells are specific t ^ ^ Yewdell et a l., 
peptide bound to either I -A or resp0 nd to 

iQflfl 239-637. B3.1T hybridoma cells re V 
Science 1988 

OVA ( 258-276 )-K b . 



B. E 
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penetrate into tne cy^u=> 



OVA 
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was introduced into the cytosol of Drn 
(M12.B6 cells) by means of el Pressing cells 

) Y means of electroporation . 
Electroporation was p er f ornori . , 
Electroporator using 0 . 4 cm aa " W " h 3 GibC ° BEL 

5 Capacitance was flOO » F L d Cha **ers. 
-ctroporation w as ° ^^^^ ^ * 
(Gibco) with X.5 X 10' M12 B6 ce,, , ^ ° r PMEM 

range, m the pres j:- B o 6 f '.CO., X 10 > _ 4 . 0 x 

immediately pl aced on . C - The cells were 

10 added and the celi s were ' " inhib ^or S were then 

-nauy the cells ™— r 8 ; c « — 

™» » Paraformaldehyde and washed ex" " 10 minUtSS 
preventing further processing " ed exten ^vely at 37°c, 

i^. the level of s^ZTc 'l ° £ ^ 

15 expressed, was determined by tTa^lT 

"Us to stimulate 11.2,0 ^l it y of the M12.B6 

hybrids cells. T cells ToT" * " °° BW T 

X 10' if ^J, 1 ^ ( X 10 J,7« vith the Mi 2 . B6 

18-24 hours at 37°c in „: ^ in °" 2 

20 respond to antigen stimulatio^e sT ' 

(-sayed in- the supernatants by IL 2 de """" °' 
proli feration and , 7 IL 2 - d ependent CTLL cell 

« - ^J" 3 [?™ lBm . , eeAilen 

the processing of electro' Com P 0u "ds 14 and 16 on 

exec troporated OVA hv wn «^ 
. F^urea 2 and 3 show the effect of r C6llS - 

MHC-! OVA processing Both c C ° mP ° Unds i4 *"d 20 on 

OVA processing. ^ ^P™*- *«ectively inhibit 

30 HCP inhibitory eff ect of th " additional ««PPo« for 

It is accepted that the 1 C ° mP ° UndS ° f th * Mention. 

^ ^ caat tne Classical uur t 

antigen degradation h assical *HC-i pathway involves 

^graaation by proteasomes . 5 ee poIhk 

understand^ t he ^ Utili ~ d 

35 of antigens 9 imP — * of the proteolytic processing 
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r^du-ion of Cu/zn Superoxide Disease (SOD-X, 
Oegradation _ . 

Louse SOD- 1 CONA clone was obtained fro. Jx» 
M rt h Carolina State University, Raleigh, NC ) . 
Mahaffey (North polymerase cha in reaction (PGR) 

This clone was modifxed V" translati on 

methodologies to xncorporate 1) ^^.3., 
initiation consensus signal (x.e 

^■f thp ATG start codon, ^) * nJ - 11 
directly upstream of ATG ___ . Qnal and 3) an) 



10 dir6Ctiy UP5 " =< "" of this consensus signal and 3) an Xho 
<- ^ i_ ^n«i The 

I restriction site at the 



I restriction site a, - procedures were: 

15 3' ( SEQ ID NO: 1 ) < 3' I™" ' " * " , , . T „ e 

AGCTAGCCTCGAGCAGATTACAGTTTAATG-3 ( SEQ ID re striction 

:::tl .... P =— » «* P i^r M 

( Ala'-Val) GCG-+GTG a cione pSR _ 

( ATTRACT ) were introduce x .« t£ ^ . prQCedure 

HX2 using the overlap extensx ^ 
25 descried by Ho etal., Gene 77,51-5 98 ^ 
Ile u 3 . Thr muta nt was cons^ « primer ' EH7 8 1 ' 
fragment was generated usxng the V 

TTAATCCTCACTCTAAGAAAC-3 (SEQ ^ ^ codon) 

30 213 of S0D1 CDNA where #1 xs th nuC ieotide 

_ rusi- consisting or tne 
and the 3' primer EH84, C ° n (SEQ ID NO: 4) 

seq uen=e 5 ' -TTGTACGGCCASTGXTQC^^ _ 
nucleotides 351 to 328), th *« 'fisting of the 

constructed using ^^S^JJ^^^ 3 ' <"° " 

" ^xST". " »X, - the , ^ EH42 ; 
consUing of the nucleotide seguence 5 - 
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TAATACGACTGACTATAGGG-3 ' /«n xn 

«« of pBluescript „ SK l SEQ 10 N0: «) (nucleotides 626 to 

•»« 3 . PCR fraginents were } c ift j --^s ot both 5 . 

reaction and «pi 1£1 . d usi in the -cond step PCR 

5 PCR -s digested W t 9 n P Ba Tr 7' ^ ^ T ^ S 

».l X + Xno X digested »o X and cloned 

native 255 bp Bal r/x ho i fr L, thUS "Pacing the 

fragment (clone P SK-1 13) fra °~ nt " ith FALS mutant 

HH105; consisting of tj^™""" >' ^ 

GCACACCACTTTCATCGCCATGGTrrr^r Se ^nce 5<- 

- t o~^^ <«° - -0.7, 

""""ing of th. nucleotia. P ""* r EH ' U; 

1= ATTAACCCTCACTAAAGGGA-3 ^ ^seq !!""'"" 5 '" 

"3 o £ pal „..„ ipt „ SK ^ E ° <° »°;=> (»»=l.=ti d .. ,„ to 

were combined in tne secon . ^ and 3 Pc * fragments 

« -p^e d using p.^r;;:, s i; d p ^r^r and 

was digested with Hind in anrt » iS PCR product 

*» * H« XI digested pS K _HxTth u Sr " ^ ^ 
>P Hind III/Rsr ■„ fra ^it h \™r n9 — 51 

(clone pSK-A4V) . A11 pCR . muta "t fragment 

30 s equenced usi seauen! bribed above were 

Cleveland, OH, to conf Jl th meth ° d ^ Bi -^mical, 
and the absence Qf ^ ^^f'"" 0 - °< th. mutations 

sod gene defining th y e r: c iti:; -of"; 11 """- 0 " - *- 

P-e rS ad restriction sites is^"T ^H' 

constructed by d %e s C r ~ 1 ° B ™ ^ 

-ant construct^ psk Ls I d^'^ - 

(PSK-113 and P SK-A4 V) with Hind m and 
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(Ala 4 ->Val). 

^ «h stability of the FALS mutant SOD l 

,, Trr , 12 301 Parklawn Drive, iwi- 
Collection. (MCC), 1^"* Dulbecco's 
,noo fATCC #CRL 157 3) and grown 
15 Maryland, 20852 (ATCC #c . glucoS e, 10% heat- 

edified Eagle's mediui* with 4 .6 g/ * 

inactivated horse seru* ^^"^f ^ were maintained at 

u„-„ «n\ The human 293 cells wet 
Gaithersburg, MD)^ T were 

37=C in an atmosphere of 5% CO, phosph at e method 

20 transiently transfected using ^^"^ The pCM V-113 

(Chen , c. et ; : d ::: d ( into 293 c .». ^ 

SOD-l **^°\Z C lZ^e incubated with either 
24 Hours later, th c. d ^ all at a 

compound 34, compound 14 ^ ^ ^ ^ 

25 concentration of 5 uW, innibitor y compounds were 

Known KCP and other protease inhib to y ^ ^ 

.olubilized in dimethyl sulfoxi* <°«SO> ^ ^ ^ 
cultures were incubated with an 

left in medium only as negative rece iving test 

.pprcimately^ Ln M - 

compounds, S x 1* 2.3 ^ Qf 5% co ,. Cells 

and maintained at 37 C ^ unQ 34f 14 or 24, 

were incubated with MCP mhi dura tion of 24 

or with DMSO as a negative control ^ ^ ^ 

35 hours. Cell lysates - Pr - ^ (pBg) by 
approximately 75 ,1 of phospha of the cell 
freeze/thaw cycling. Protei 
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lysates were determined using the BCA 

Rockford, i L) and 2 * th * met "^ (Pierce, 

electrophoresed on « 4 . 20s ^ Sa "* ie 

° iego , «, using . Tr ; s ;; yc ^i;™ d * san 

5 9iycine/ <>•»«*) b Ufter 9 sy y s :;; /SD p s j t 2 e 5 mM i« 

transferred to nitrocellulose «lJ 

•n- Alters were blocked ^LiL^ 

(5% dry mi i k in 25 ^ Tri J buf n ? e Ub " i0n in b l°tto solution 
30 minutes. Filters were f6red sal ^ ( lx TBS,, for 

" -ol«tio„ ( l :10 ,000 dilution" b r ed " antib °^ 
incubated for 2 - 18 hours xhe '° lu "°»> 
these studies w as polyclonal r ^^ ti *""^ used in 
against purified mouse SOD-1 Drori antise ™> raised 
^search Products, Denver PA) T l ^ 
" three times for 5 minutes each ' ■ Was ^d 
secondary antibody so^L B " £ ^ *~ - 

solution) for two hours Th« dil "t 10 n in blotto 

goat anti-rabbit laG cn ' • Seconda ^ antibody was a 

CBio- Rad , HichJnd ^TlT " aI * al±ne *»«P*«... 
" ^ 5 minutes each in * TBS and S 

Phosphatase activity bv V " ^ f ° r ai * a ^»e 
commercial!, av^^;^ 0 " ^ « 

-.ent (Bi o- R ad, R ichmo nd ^ ^a^T 
corresponding to SOD , Staged bands 

^ oocucel V image .nX'^r"'" qUanti — < «in 9 a 

(sca na iy t i CS , 9 Bil ;:^ s 2r t "" ad 1 

expressed as units of L j •' ^ ° f S °°- 1 are 

— rol (i . e ., ults of e "'"^ ^ ^ "^^e 

T troi, . xmmuno^ranXrrr^rrr" by units - 

that SOD-l levels were »„h , ^ sates revealed 

of controls in each of the ^ C ° th °~ 

P-sence of MCP lnhihiz J^ *» the 

show that inhibition of the MCP T 11' 

invention leads to inc. \ * * C °^ owds « the 

in the lie - m u7Z , «>D-l protein 

being responsible ^ f or the d """^ as 
ceiis containing t ~ ^ " ~" - - 
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for sod-i <— — "" s rr:r^-::: 

proteins, i.e., vai my „,„,.„ native SOD-1 and 

tt»> Cell lines stably expressing mouse nati 

' r c ,«nt SOD-1 proteins mentioned above were 
the two FALS mutant suu i t"- r et 

derived by calcium — ™™ 

■ — h > .:r ed by 

-I^cJn- fee- neomycin. - 
pre sence of 1 moVml G418 (C-eticin™ ^Lxf- 
T echnologies, Inc., Gaithersburg HD^ Cej- which ^ 

5 maintained in G418 selection for ^ tant colon ies 

drug selection was removed and the G418 res 

,„™h cell type were pooled for furtner 
of each transformed cell typ studie s. 

various concentrations or 
0 isoforms were incubated with levels 
a id for 24 hours at which time the 
compound 14 for 24 no scan ning of immunoblots . 

were measured by densitometry inducti on 
Levels of SOD-1 are expressed as units of x 
— to the ^2ZZlTo< ^experiments. 

Dose response analysis MCp 

inc ubation of the ^ ^ q£ ^ 

inhibitor led to significant a = occurring in 

protein levels with maximal accum ulation entration 
30 Lose cells incubated with Compound - ^ 

of approximately 20 .M ifn n correlates with the 
magnitude of SOD-1 accumulation correl ^ 
es timated half-lives of the variou ^ least 
tyP e SOD-1 being the ^^^^ Acad . Sc, 
35 stable (Borchelt D R. .t • ^ consiste nt with the 

91:8292-8296(1994)). These aa lizetheS 0D-l 

• ^-v,,!- the FALS mutations destaDin 
hypothesis that tne r/^ 
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proteins, possibly due to misfolding and 
structural alterations resulting fr om T * ° f 
^ese proteins £or degradation by MCP ^ 
demonstrate that Compound 14 has a V 3lso 
S significant effect J t J e !;\ ^ 

Protein further supporting the role of rl ^ ^ 
degradation. ° f the Mcp in SOD-l 

IV. Part 4. 

™ *. "^t— 1 «~ 

lin.. (d.,«U»d ab "*" h »»f™ cell 

IS and th. othr S00-1 P " d """« ««-typ. ptot . t „ 

-~ — «. d Mth - P ;::: i r i : h 1 ;;^ 1 

which is specific fnr . otease inhibitors each of 

protease); and DK 1 / p 1 pain xs a cysteine 

c=,- Ph .ii,.„j: h rri;rr:i p ~- ^ « 

addition, cells were in k ° maI P rote «e activity, 

expressing the indicated SOD-l 

control. After fho w negative 

inn-*- h ° Urs of ^cubation with t h« 

inhibitors, SOD-l he 

"nits of induction «!^- *" e *P re *sed as 

5 above. Each dat! '° Untreated "-Pl«, as 

= • tacn data point i <; t-h^ , 

three experiments. aV " rage ° f 



In 
is a 
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Results are presented in Figure 7 . It can be 

*f ala 4 -»Val mutant SOD-1 is a 
thp turnover or Axa -tv&j. 
seen that the tur ^ inhibition 

function of MCP activity significant 
of MCP by the preferred Compound 14 leads to g 
S r three-fold) increase in the accumulation of SOD 1 

turnover. Further, c _* acculml lation , a finding 

slight increase m "^"^ ^^J^ response st udies. 
l0 also observed previously in the dose res P° 

«-j„„ of SOD-1 protein within the ceii. 
leads to an elevation o£ suu i t"- 

15 Synthesis of Inhibitors exemplary synthesis routes 

The following provides exemplary y „„^ on 

20 those silled in the art once armed with the p 

disclosure. „<-<„ n incorporate amide 

The inhibitors of the invention incorp 

, „. Hv W ell-known synthetic 
bond s which may be introduced ^ s desC ribed 

p^cedures using the '^^^^^ volume I 

25 in pepeides.. ^r; .2 - 

(1979), eds. Gross, et al , *= au 

detail in Examples 8-11 below^ Dre _ ared by th e separate 
The inhibitors may be preparea y 

synthesis and coupling of the fragments: 

Rl -(CH l)o -CH (Rj )-COOH and HzN -CH (R ,)-C0HH- Rt 

separate synthesis and coupling of the fragments. 
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R i-(CH 2 ) a -CH(R 2) . C ONH-CH(R 3) . CoOH M w 

UOOH a/3d H 2 N-R, 

(Coupling Procedure in fl , rifl <L 

below. } 32 des "xbed in Examples 39-42 

aa.noacid, e.g. H^-CHfCH.R^.CHO, the ^ fr ° ra M 

Protected aminoaldehyde ^^^^ acetal- 
G4Cek ' « -I- ^ t „ Ae ^ o/1 / 30 ; ;^ 3 th ""; d " — critic, by 
Procedures des Cribed in ' 4233 or by the 

10 C ° mpleted ^« Coup iing p.oeL 1 :^-, o A f- th « coup ling is 
Protecting g roups m removed ° "> the ace 'al 

« (Me thod „ to u J ra te™ e :\ d ^ cr : bed in Exawpie 

w ^n Q i s a merh .. 6 alde hyde group. 

15 substituted me thyl ketone n * " *" al P h —ino- 

chloro.ethyl k e J ne lllZlVrl^* dia2 °"' br0m °- - 
Procedure xr is ^^y^.^ Coupling 
hydrochloride salt of the The 
Purchased (B ache m BioscL n c e In TT * et ° ne ^ 
20 Pennsylvania, or can be ' ° f Prus *^ 

p—d «L a;:: a p ~a b r b conversion ° f 

followed by reaction with dl Carb °^c anhydride 
diazomethyl ketone ^\ ^ ^ ^ 

•« prepared by «»* c "o M - me thyl ketones 

" hydrogen bromide or chlorxde dia2 ° meth >' 1 with 

315, 1037 ^3 ' 56(1974 >' 
5S/157 49 pub i isned June ( 15 /^ 9 ° s r et al . PCT wo 

30 by ^roge'o^T^TttllT;^ ^ * P ™ 

* -tner, et al. ^^^^ " d ™ 

correspond"^ 1^ 3 ^1 £1 "°~ tl,yl 

Prepared and coupled by c ;l 1 °" 2 - pr ° Pan01 "» b * 
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^ « Hoc:rribed by Trainor and Stein, U.S. 
by the procedure described uy 

p.t.nt s „ i£luoro „. thyl ketone 

„,„-*. i. » -in= ,cid-deriv.d trifWoroMtWl ketone, 
e ,. „,»-CH ( CH,-E„-COCr„. «h. ^U.» — -» « 
prepared .. de.cribed by Mp.ri.li «"d 

„h.n 0 is . -onofluoro„ethyl Ketone ('••_•">• 
„„ > cont.ins . rluoro.ethyl ketone group, e.g. H,N- 

Lter removal of the Boc protecting groups, the amine 
:r:L P !ed > Sl ng coding >~ ^ ^ 

:rr:rer;::^ - - . 

When Q is a boroamino acid derivative (i.e. Q 
essentially described by shenv*. u.s^ "»» 

";:rtr„:.:ter:rre «« 

4,499,082 and 5,187,157, and m J. 



25 (1984). 



' When 0 is an alpha-diketone or alpha-keto ester 
When Q is an t> re quisite amino 

(i.e. Q = -C(=0)C(=0)R, or -C(=0)CO jR ,) r q 

, „ a veto esters can be prepared as 
diketones or alpha-keto este ^ ^ ^ 

described by Angelastro et al, to esters may 

(1990 ) and references therein . ™* a ^ correspond ing 

be hydrolyzed or abated to P^^, fflides may 

alpha-keto acids or amides^ The p Boc . protecte d 

also be prepared from comm «c- ^ procedure of 

-° acids rrr;:. 3 7 "- 25 , <»..>. - 

Harbeson, et al. ^ « Boc-protected amino 

thi. latter very useful procedure, the P 
acid is sequentially converted to an 



30 
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alph a - hydroxycarbo J «.hy de « cyanohydrin, an 

"d an alpha-hydroxycarboxar.ide: 

Ri-CH(OH)-CONH-R 

where R 1 , Boc-iiH-CH(CH a R 7 ,- 

coupied as in Coupling Procedur ; e is 
hydroxycarbox^ice which is the alpha " 
OXidl " a " 9l " e lnhibltor; 

« ^-ch,c„c^™ K cH, r c , - coNH -''' ~> 

Example 7 



X-AA^COOH + H 2 N-AA 2 -Y 

NMM 

protecting group for Acetal or other 

y oup tor the amxno aldehyde 
AAi ~ Amino acid 

= Amino aldehyde 

««t.d „ lth ls ^ u " """" ™ " - 1S .c. 

tne tree base was added 
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- , *>r, 1 1 ea. if acid salt). Stirring 
followed by NMM (1.1 eq. , 2.2 eq. 
nroceeded for 30 min at -15°C and then at room 
proceeded t reactio n mixture was dissolved 

in:" : e 4 thy i - r . r 

5 olu ion was successively washed with water 5* ^ - 
nydrogen carbonate (NaHC0 3 ), 2% aqueous „tr« 
finally, water. The organic layer was dried ovex ■ 
lodL/sulfate (Na.SO.) or magnesium sulfate (MgSO.), the 
solvent was removed under reduced pressure, and the 
10 ^ duct thus obtained was triturated with petro eum er. 
The solid peptide thus obtained was filtered off, drxed 
and characterized. _ _ . _ 



Example 8 

Method B: Fmoc-group deprotection procedure: 

15 Scheme: 

Fmoc-HN-AA.-AA,-? — > H 2 N-AAi-AA 2 -Y 

The Fmoc-protected peptide (0.2 to 4 mmol) in - 
fixture of 30% diethyl formamide ( DMF ) in ethyl acetate 
( EtOAc ) was treated with a 50-60 fold excess of 

i dea 1 for 2 h at room temperature. The 
20 diethylamxne DEA) for 2 " at 30 . Cf and 

solvent was -^""^ residue. When a 

petroleum ether was d th. ^ ^ 

precipitate formed xt was filter triturated wit h 

cases the resulting gum was repeatedly trxtura 
cases the stored under vacuum . 

2 5 petroleum ether, ana me y 

Example 9 a HHition to the 

Method C: Capping group or amxno acxd addxtxon 

peptide: 

. Scheme: _ > R _ co _ HN - ( AA) „-COOR' 

30 R-COOH - H ^- (AA) °- C0 ° R """"I free carboxylic acid) or 
The capping group (as a free c / is _ 
= il ea ), benzotnazol-l-yl° x Y trx 
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eg-) and 1-hydroxybenzotriazole fHOBtl 

5 the deprotected basic component^ ^ ^ Aft. r 

the carboxyi group protected J * nt ° f «*• pep tide or 

5 3djUSted ^ 8 and the mixture wa SSt ^ *" 

" WaS the » «l«fd with 150 -300 \1 , 3 " 4 h - 

consecutively with ^ % —acted 

and water. The organic phase was dried and ' ""^ 

dryness to yi - d * -p-d or N - P rotecter Pe ;;: d p : rated to 

10 Example 10 

Method D: Carbobenzyloxy fC BZ i „ 

A solution o/Li cb^ D i:r P rem ° Val 
acid derivative (I ff , in e " ^ ° r ^ 

15 50% by weight of water, and h ' ^ C3rb ° n staining 

P3- The solution ^m^^T* 
(diatomaceous earth* « / th ""gh Celite* 

unprotected P ep i^ 0^°"^ t0 to yield 

P Ptide or amxno acid derivative. 

Example 11 

20 MSth0d C — ion „ f acetal to aldehyde- 

ot -.as p r lde acetai (i -*•> - * - 

-irred for 0 5 - 2 h ^ a<3Ue ° US HCI (2 
evaporation and the fi" nal S ° 1Vent bv 
« and lyo P hili, ed IT^V^ *^ ™ -ter 

give the peptide aldehyde. 
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Example 12 r-ucinal diethylacetal: 

Method F: Preparation of Leucxna 

I 

I o ^ 



- <QT< 

X 



step , NMM ,10 t; — 

(25 g , 93 «ol) in "0 mX of THF. T chloro£ormate 
5 to -15-C treated with 13 niL of x y Sufasequently , a 

<™'.? 0 ?TZZ££^^ hydrochloride 

l dded . After ♦ h -;- : --; t ^secutively washed 

10 40 0 of EtOAc ^ - ^ water , 2% citr ic acid, and 

with water, 5% ^ ^ ^ 

water. The or,..^ - colorless oil . 

evaporated to yield 19.0 g o 

v, nil (19 q) from step 1. in 200 
Step 2: A solution of the oil ( ^ ^ ^ of . solution 

l5 no. of ether w,s code o - ( ^ ) < 1 • ° «> ^ W " 
o£ lithium aluminium hY d " d " ^ 45 min- The solution was 
ad ded dropwise over a perxo ium hydrogen 

stirred for 30 min, and £ ^ . nltroge n 

sulfate (KHSO t ) *»£?™ wm separated, washed with 
20 atmosphere. The organ- lay ^ evaporate d to a 

KHS0 4 (1M) solution, dried ( My 
colorless liquid (CBZ-Leu-H) . 
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^r^^ - added o„. r . 
.nh.nol (EtOH) . T» e mi „J. I'" 100 «■ «nhyd„ us 

■olution, of „ aHC0 „ d " C " 1 " el >' »"!> "tuned 
»» »« (300 «... C0C1,, t . , ' CBI -'"»="-J ««h S r 1 .c.„l. .„ 

»'< «•»(-, »>. 5 03( " ^ «•»«. 

Step 4: The product m 4 , , 

u.ing .ethoc, „, with 2 . s ? j f £» St *P 3 was h ydrogenated 
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Example 13 mimics fF or nomenclature, see 

Method C. Synthesis of « «-«- ^ Res 
Schechter, I. and Burger, A. (1967) * 
Commun. 27:157-162). 



O . 



<S*t* 3 tod 5. R - -CN. *«"*« R - 



DX>- 



5 step 1. Preparation of benzyl cyclopentaneacetate : 

' A fixture of cyclopentylacetic acid 10.02 g, 

n ffl 45 q, 78.2 mmol) and 

78.2 mmol), benzyl alcohol (8.45 g, ^ 
p . t oluenesuifonic acid monohydrate (1 48 g.7 

,sn was refluxed using a Dean-Stark water ^ 

benzene <" ^ W " cooling , benzene was removed and 

X0 separator for 2h. Aft ^ ^ washed 

the mixture was diluted wt sQlution , saturated 

successively with saturated J 
brine solution, dried and evaporated to g 

„,,. i H NMR ( 300 MHz, CDClj) o . \ 
(15.40 g) as an oil, H NMR ( ^ 
15 5H), 5.10(S, 2H), 2.40(d 3=8 Hz 2H, . 
(n . 2H), 1-6 (m, 4H), 1.18(», 2K) . 

Step 2: Preparation of benzyl 2-cyclopentyl-10- 

iododecanoate: . rt n _ f lithium 

To a cooled (-78-C) solution of lit* ^ ^ ^ 

20 diisopropylamide (20 mmol) in a mixtur^ ^^.^ 

Hexane (8 mL) < obt ^%^ added slowly the compound 

diisopropylamine and n-Bu L i ^ ^ THF(10 . 

obtained in step 1(3.95 g. 
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The mixture w as stirred for 3o . 
1,8-dxiodooctane f0r " Routes and 

-xture was stirred at .; 8 . c °^ r 2 3 ° -s added . The 

5 br ° U9ht t0 over a period 0 f f ° r 2 3 h ° minUtes ' *Wy 

cautious addition of 50 n* of 12% * Uen ched by the 

solution. Tne „ lxtute extra 1 c 2 * agUe ° US -d ium chIoride 

w«h brine, dried and the so " ^ ^ 
crude product was purlfl J -aporated. The 

10 chro matography over < - an , ^ gj ^ ^ ^ 

h«x-n« as an eiuant . , H " "V" 9 he * ane to 1% EtOAc in 
1-2-1. 8 (m ,22H) 2 ' 2H) ' 2 ' 20 ^ 1H,, 2.0 (m , 1H) , 

Step 3: Preparation of benzyl 10 . 
15 cyclopentyldecanoate: 10 -cyano-2- 

A mixture of th«= 

cooling, the reaction ^J' 0 - 75 C for 30 rain . After 

20 — ether ^ ^ ^ 

and saturated brine T h« s «cces Sive i y with water . 

-n oil (2 . fl9 g) . r H °;^ C flo la ^ — concentrated to 

SH ^' 5 -15 C 2H,, ; 30(t 2 Z 2H mZ ' CDC1 > } - 6 - 7 - 25 <*. 
1H,, 2.3-a.s (m , 22H) _ (C ' 8HZ ' 2. 20(m , 1H)# 2 0Q(mr 

' StSP 4: P «Paration of benzyl 10n h x 
cyclopentyldec 

A mixture of 

,«..„,_ pht ; a h * ;—/r; r p 2 »•« 

°« DMT ... h ..tM at 70 .„. , ' , * 9 ' 3 »"°1> in 8 mL 
r„ctio„ .ixtur. w.. ~„ 7 " Un ' " C " 
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22H) 



10 



„f lO-cy.no-2-cyclopentyWec.noic 
Step 5: Preparation of 10 cya 

aCid! • . „ at the cyanoester from step 3 (2.89 g, 

Affii ; Ur d ° ; 0 6 I, DeGussa, H 2 0 content 50%) xn 

8 nUn ° 1) ^ 10 iJwas hylogenated for 2 n (42-26 p.i,- 
anhyd MeOH (35 mL) was hyd g & pad 

The reaction mixture was £xi ^ ^ ^ 1h nmk (300 

1.3-1.9 (m, 22H) . 

of 2-cyclo P entyl-lO-N-phthalimido- 
Step 6: Preparation of 2-cycJ. P 

decanoic acid: „ ocedure of step 5, product (0.41 

Following the proce compounQ (0.31g). 

, g) of step 4 was ^^ 7 " a9 7 -f 2H) , 7 ,0 <„ 2H,. 
.„ NMR (300 MHz, COCl, 7 1.10-1.B5I-, 
3.70(t, 8Hz, 2H), 2.15(m, 1H) , 



22H) • 
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Step 7: Preparation of 



3ic acid 




o 





CF}S0 I HN^ ah) 'Y^O 





A mixture of the ester frnn, 

5 hyd : azi - -n 0hydrate {0 :; 5g ste - D 4 v°- 8749 ' i - 7 — ^ — 

concentrated, and the ^/"^ for 30 min , 

titrate was conce ^ was Altered off. The 

10 OU w " <*i«olv. d in CH,C, ^ The 

fluoromethane .ulfo„ ylcn i or " f ° ll0Wed *»y 

temperature was slowly L\ ( °- 2S ■ ™e 

of in. The rea y ct :; n Ught tD t-p.»tu r . over a 

15 wat P r Q reaction mixture waq i-u 

»«t.r, 2 % HCI/ water flnd • » as then washed with . 

^ — trated to an oT a l 

chromatography over sil ica gel us PttZltL ^ by flas " 

" an eluant to yieid 9 USln9 10% Et °^ in hexane 

10-trifl uorometn 
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Steo 8: Preparation of 2-cyclopentyl-10- 

5 , „ d «... f ;TT] ; — - " 

che title compound 0.20 g) ^ ^ ^ 

CDC1,) 6 6.60-5.60 (b. lh) . J. Ju i . 
L90 (m, 1H) . i:i-l-.B. (m. 22H) . 



O ii St ep 10 
-3-O-tBu I-(CH*-C-0-«Bu ► 



HjC-C-O— tBu 



_ _ w _ - 



HO, (CHj>t. 



y 




Step 12 J 



r>e t--butvl B-iodocaprylic acid: 
S.ep 9-. Preparation of t butyl ed following the 

The title compound was synthesize 
- "\ described for the compound in step 2 from 
10 procecure as ^'^f x , 6 - dii odohe*ane (4.06 S> as 

t . buC yl ace-- • ^ , 3 20(C( 8Hz , 

an oil (2.13 g) • K NMR U« 55 -1.65(m, 2H) , 

-,n ir flHz 2H) ,1.75-1- 85(m, 2H) . l ■ ==> 
2K) , 2.20 (t, 8HZ, it 

1.4S(s. 9H>. 1.25-1.43(m, 6K) • 

• „ „f 2-cvclopentyldecan-l,l0-dioic 
15 Steo 10= Preparation of 2 cyciop 

a cid-l-benzyl-10-t-butyl ester:. ^ ^ 

Using the P^^'^'^.c.r (H.37g) from 
ester (6.92 g) from step 1 and th i (? ^ g) 

step 9 were reacted to give the title 
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°"- NMR (300 „h z , CDC , " 

2 «>< 2.20,., 3lfJ , 2 . 00 6 7 -; S <«• 3H,, 5.10 (s , 

20HJ (m ' lH >< 1.45 (s, 9H) , j.o.i.g ^ 

Step llt Preparation Q 2 
5 ac ^-l-ben 2y l- I0 - methyl es ^ r C '° PenCyldec — 1.10-dioic 

A solution of the d* 

a miJf ture of phpi , poratl ° n was 

3dded thi °»^ chloride (6 " ° t0 ifc -".slowly 

solvent ^evaporated 1^'°^ 3 «,£ 2h . The 

Methyl ether (20 a ; d e the was dissolved in 

successively with . J ur J£ layer was washed 

15 brine ' evaporated Jl d T S ° luti °", water and 

s ^ca ge i (eluant P . 2% ted - d ««h chro matographed on 

P-duct as an oil (2 . 05g) H ^ '° the 

S «>< 5-10(3, 2H) , 3 5 " Z (3 °° CDC ^> 6 >-35 

2 - 2 °- — - r^c: 0 - 8Hz ' 2 - 

20 Step 12: Preparation 

«id-l 0 . me thyl ester: CyClo ^Y^ca n - 1 , x O . dioic 

u =ing the procedure as h.. 
compound (4 . 96 g) from step " s ^ "' P the 
compound (3 . 65 ^ P ' --erted to the title 

" 3. 65(s , 3H) , 2 . 30(t , 8Hz 2H) \ (300 CDCi '> « 

Step 13: Preparation of 6-cvannh 

sodium salt: C y ano "e*ane-l- SUIfinic acid 

NC ~<PHj>-3r sap 13 M _ ^ u 

♦ n{ ~ (CH 2 >— S0 2 C1 

3 0 In a three necked £l ask f ,-_ „ 
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/B 04a 42.3 mmol) was placed in 75 
^^o-.-cyanohexane ^ ' ^ ^ &nd to 

* ° £ T"dded a o^Ion of sodiu, sulfite (8-00 fl, 

it was slowly added a sol ^ ^ The 

63 . 5 in 50 -. of » ; °;;; r the ; concentrated under 

5 m ixture was heated for 2h dissolved in 95 % EtOH 

^TZZJZZL, and 

was — . - cooled I " - - ^ to give 

0 onclntration. produced another : bjtch o : 2 g of 

product. >« NMR (300 MHz, DMSO-d 6 ) -SO t 

" ■ ?HT;V.40rt; -8Hi f 2H)V 1.55 («. *«, , 1.3<». «) • 

flt ion of 6-cyanohexane-l-sulfonyl chloride: 
step 14: Preparation of 6 y ^ ^ (Q 34Q g , 

l5 A mature of the pr and a drop 

1.6 .mnol), thionyl chlor.de ( 0 . 95 g , cooling , 

, _ -7 c _on °C for 30 min . ^ 

of DKF «• h.."" « « C „. „, with 

th . » W « — "" d into 30 

!„.»«« (5 I). Th. or,.nxc 1-Y« » rf 

purification conditions are listed 
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Table 5 

Muhicatalyric Protean inh; Hmrr 
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MTR 




PMC 




MTS 



SQ 2 



TOS 
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Example 14 

lO-cyano-2-cyclopentyid^ _ Nl 

leucinal nitr °-L-arginyl-L- 




5 Step lf «uor.„ y i B . thylOTO 

L-leucinal diethylacetal . nitr °-L-argxnyl- 

Fmoc-Arg(NO,)-OH (4.41a in™ 
Leu-acetal ( 1 . 89g 1Q " - o1 > was «=cupl ed with 

" (in the place of DMF fls £ « <* NMM and 10 mL of THF 

— . 7 . 75( ;;Y;;% as 55 ~- <« NMR ( 3 00 

Iron ,t« p ! usi „ "°" 3 5 9 »« product 

<«. „... (2 . 5 9 " IT""" 10 " -""»■ ■ <*»»P1. .,. T he 

5.5 nunol) using BOP (3 34 a 7 - , P l 2 - 15 9' 

< J ->»4 9, 7.5 nunol) and HOBt (1.Q1 g. 
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. alH the cr ude peptide (3.85 g) as a pale 

3.91(m, 1H>, 3.56<», 4H) , 3.43 . 15 _ 2 . 0( m, 2SH) . 

5 2.47(t, 3H), 2.03(m. 1H) , 1.76(m, 2H) , 
1.07(m, 6H), 0.81(d, 6H) 

i ^ion of the product of step 3 (0.2g) in 10 
SteP / ! toll : e Xc« containing 30% TFA was stirred 
r; ; C r 1 - - evaporated and Compound 14 was 

for lh, and tne The HPLC purification 

10 precipitated using , H fjMR( 300 MHz, DMS0-d 6 ) 

... conditions^ J^f 1 H)V7.99(dd, 1H, , : 

3H), 1.0-2.0C, 21H), 0.86(dd, 6H) . 




20 



25 



pentamethylchroman-6-sulf onyl ) -L-argxnyl-L- 

leucinal diethylacetal. 10 -cyano-2-cyclopentyl- 
rollowing method C (Example 9), 1 y ^ ^ ^ ^ 

d ecanoic acid (2 mmol f ^ 8 _ pentame thylchroman-6- 

13, was coupled with ~ nal diethyl aceta ^ (1-8 mmol, 
sul fonyl)-L-arginyX- L -i e uc,nal d.ethy ^ as 

from Step 2 in Compound 14) to 

solids 



WO 96/14857 

PCT/US95/1492I 

- 53 - 

0.3 g) was co„ verted to " fr ° m St6P 

5 PUrifi6d *y HPLC. 'H NMR{300 " '°/ 91 ^ 

«>, 4.34(», 1HJ , 4 . 14 m , 1H ( 3' 05 1H ' 7 ; 49(t ' 1H) ' 7 - 48 ' S ' 

' 13(S ' 6H >' 0-82 (dd, 6H) 

10 Example 16 

10-cy an o-2-cyclopen ty i- decanoyl _ N ,. 

leucinai semicarbazone nitr °-I'-argxnyl- I .- 




« ( o. 3 s ~r ™t:t (o - 20 — ™ 

Compound I4 (0 .050 g , 0.089 JL"" " J S ° 1Uti ° n °' 

stored ove rnight at room temp J at J- 5 ^ ° f -^nol and 

removed and the resulting r ratUre - Solvent was 
•resulting Compound lfi _ . „ . 

»>A:„;i: » >•»«-. — o„, 
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leucinal oxime 



NC 



C x 



NK HH 



/n ni7a 0.534 mmol) was 
added to . a solution of the pro ^ a( . ioam 

( 0.0S„ 0.08= «*> in ^^'"o^tes. «. P«duct 
temperature and then at 80 C tor 
„a S isolated -W HPLC as indited rn T.nl. 

" ^no-Lcvc^P.n^---^-'''-"""- 1 -" 91 " 5 ' 1 - 1 " 
leucinal-O-aethyloxUne 




.-A 

■ 0 ^ ne 



I 

H 



H 

NH HH 



15 



io 17 Compound 18 was 
Pollo-in, the procedure of »-.»• 

spared usino «£. of «- P— 

,0.031,. 0.38 ™°D »n1 

by HPLC •» indicated in Table «■ 
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Example 19 

10-Cyano.2-c y clopentyl-decanoyl- N «_ nitro r 



5 



nh " 

Following the procedure as in th 
Example i7/ Comp 0und 19 w ,, „ Preparation of 

0.089 M)t 0 . b ^j;! 6 . 05 ^ C «Po«nd 14 (0 .05o, 

and pyjdj^rr rrr 1110 ^ 6 (o - 04 ^ 

10 Example 20 



uxf onyl , -L-ar gi nyl-i,-i eucinal 




Step I- Fmoc-N*-f 2.2 5 7 o „ ^ 
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4 33(.. 3H), 3.69(«, 2H>. 3.53(„ 2H) , 3.30(m 2H , 2 6 t. 
2H> 2-58(3, 6H), 2.12<s, 3H) , 1.80<tt, 2H) , 1.64(.. 3H> . 
1.32(m, 10H), X.18(q, 6H) . 0.89(t, 6H) . 
Step 2: H..(2 f 2,5.7 f 8-p.nt—thylch«o«n.6-.»lfonyl)- 

5 L -arginyl-L-leucinal. was 
Following method B (Example 8), the Fmo g P 
removed fro, the product (1.6g> fro. step 1, to yx.ld 

i-H M 3al 'H NMR ( 300 MHz / DMSO-d 6 ) 6 7.6(d, 1H), 

6.76(b. IB), «•"<' ' 3 . 01 „, j„,, 2.58(1. 2H>, 

6H),1.09(m, 6H), 0.83(dd, 6H) 

Step 3: 9-Methoxycarbonyl-2-cyclopentyl-non a noyl- 
„«- ( 2 f 2 , 5 , 7 , 8-pentamethylchroman-e-sulf onyl ) - 
15 L-arginyl-L-leucinal diethylacetal . onyl . 

Following method C ^ (Example 9 , . - y y ^ ^ ^ 
-2-cyclopentyl-nonanoxc acid (O.sn gi 

(2 . 2 :,,,. P „ T .« :r c :rrr6 - Tri .-;- :r --, 6 

X.aein.1 dWthyl-""! ,0.7 , NMK ,2.2 »1. 2 

6.4<m,lH), 4.32(m,lH), 4.24<d, 1H , 3 ( 

» - 

1.26(s, 6H), X.Ktt, 9H >' °- 81(dd ' 6H) - 
Step 4: 9-Methoxyc.rbonyl-2-cyclopentyl-non.noyl- 
Ng- ( 2 ,2,5,7, 8-pentamethylchro.an-e-sulf onyl ) - 
L-arginyl-L-leucinal. . the product 

30 wording «, - "^^-^ 20' and 

(0 .2 „ from step 1 - - ^ ^ DMS0 . di) 6 

pur ified by HPLC d«.ctly H H HMK( ^ 

9.37(8, 1H), 8.2-7.4(m, 2H), 6 6 I 

4.3(m. 2H), 3.58(s, 3H) , 3.03 («. 2H) , 
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2 -48(s, 6H), 2.2S(m 4hi o 



Example 21 
9 

5 6 



9-Methoxycarbonyl-2-<-x,r. i « 



methoxy-2,3. 




JL °» 



Step 1: 9-Methoxy Carbonyl . 2 _ 

Following method C f p Xamnl ft 
*° c y clopen tyl . nonanoic ^ *> ; ^«e t hox y ca rbo n y l- 2 . 

— h o d c, was coupled j/;;/ ^ «-P X 2 in 

^«h y i. c . tal (1 . 0 L y L;;\T" L - ieucinai 

yi - ld the P^tide as soiid. 

'« ^00 „„ z , coc i3/D „ s ;: d6 7r 9 42 , 1 and purxfied * — . 

7 ""(d, 1 HJ/ 7. 84(S/ 1H , 6 '; 42( !' 8 -"( d , 1 H) , 

4 - 2 °^ 3.80 s 3 ' 3 5 "' 4 - 40(m ' 1H >' 

3H,. 2.55 s 3" ' 2 3 - 57 ^' 3. 26(1| 2HJ# 

0 l.B.I.0 (B , 30H,, 0. 7 dl' 6H 6(m ' 2H) ' 2<07(S ' ^' 
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Example 22 ^ ^ _ 2-cyclopenty X-nonanoyl-N- (2,2,5,7,8- 
-6-sulfonyD-L-arginyl-L-norleucinal 



pentajnethylchroman- 




5 step l: 9-Methoxycarbonyl-2-cyclopentyl-nonanoyl- 

"" N .: (2 ; 2 V5; 778:pentamithylch-roman-6-sulfonyl)--.. - 

L-arainyl-L-norleucinal diethylacetal . 

Using Method C (Example .>. >^^"™S* 
cyclopentyl-nona.oic.acid ( 1 «ol) co »f 1>d ^ 

,n I* ,2 2 5 7 8-pentamethylchroman-6-sulfonyl)-L- 
10 N*-(2,2,5,7,8 pe ^ / u vlacet al (0.69 mmol, obtained 
arginyl-L-norleucinal diethylacetal (0 

i <„ rvamnle 30 following method B) using 
from step 1 « Example ju in 5 mL of DMF- 

^ HOBt fl mmol) and NMM (2.5 nunol) in 5 nu, 
mmol), HOBt (i m™« J hours and the 

The reaction mixture was stirred for 4 .5 ho 
15 peptide was isolated (0.37g, 0.42 mmol). 

St ep 2: 9 -Methoxycarbonyl-2 cycl p y ,. L . 
( 2,2,5,7,8,-pentamethylchroman-6-sulfonyl) u 

norleucinal. product (0.37g 

— - " rpn^ajr^ed to Com/ound 22 (0.33 
20 0.42 mmol) from -«P ^ ^ M DMS 0-d6) 6. 

„ and purified by HPLC H W ^ # 

9.29(s, 1H). 7.79(d, 1H) , 7.89<d, 1H) ^ 
7.26<s, 2H), 4.17(». 1H> , 3 > I 

25 4H), 1.94(s, 3H), l.iM** 
3H) . 
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Example 23 
Step i. 9-Methoxyc a rbonyl- 2 -cvcio 

-ar ginyl - L . leucinal dl ^2:^"^-«n.-oyl-»-«Xt„. 
Following Method C ( Examp l e 9) ' g 

coupled with the product f«L ! 9 ' " mm ° 1 > was 

of DMF to yield the titl- n ' S ' ° ' 95 ™»i ) in 7 nu, 
NMH f 300 «H 2 , CDC13 S: 8 3l L ".T °' ^ 1 <°'"«<»- '» 

N"H (300 MHz , DMSO - d6) . s . r 9 te 3 d 9 ;° C ° mP °™« 23 (0.106 g , . .„ 
3 -33(s, 3H) , 3 . 1S m , 2H ^ 2 ^ ^' «■»(«. 1 H) , 



10 



20 
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^ P i^»tyl-10-H-ph t h»l i »i<.o-< 1 ec„o yl -K.-«i«o- I .-.r g i»yl- 

L-leucinal 




5 Step X: 2-cyclopentyl-10-N-phthalirnido-decanoyl- 

N .-ni t ro-L-arginyl- L -leucinal diethylacetal^ 

FoUC Method C (Example 9 ) the produ" ( 0 25* 
O.^ol) fro, step 6 in Method G < E ^f 
to the product step 2 in ^f^J Q ^, 0 . 65 

L0 nunol) using BOP (0.288a, 0.65 nunol , «°"£ 0 ;° ^ tQ 

ootain the title compound (0 557 g) ^ ^ 

mz , OMSO-dS) S, B. 7 r . H , 7 9 , 

4H) ' It' 3h1' : ::^:3. 14( i, 2 h„ 2 .o 

15 S: ^!^"^,. 2.L.X3 (2^, 2.H„1.09(«, 

6H), 0.79 (dd, 6H). 

Step 2: 2-cyciopentyl-lO-N-phthaiimido-decanoyl- 
N.-nitro-arginyl-L-leucinal. ^ ^ ^ i(Q 4S 

20 using .ethod « <*^- »> ' (0 .32g) . * NMR ( 300 MHz, 



using v , ,„ 32 g). l H NMR ( 300 miz , 

g) wa s converted to Compound 2 (0.3 9) 

DMSO-d 6 ) 6 9 . 38 (., IK). 8.31 (d. 1H) , 8 - ( _ ^ 

(B , 4H>, 4.38 <». 1H), 4.15 (!.«). 3.57f 
m , 2 H), 2.00 (», 1H>, 1.9-1.0(br., 30H, 
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Example 25 

10- (trifluoromethanesulfonvl lamina ■> 

N«-n itTO -i.- arginyl _ L . leuci ^ a - no -2-cyclope„t y i- d eca„o y i- 




Step x. (Tr lf lu oromethanesu 

"-ing Method C ,J ^-thyl.e.t.1 . 

(Example 9), io- 



u (Example 9) 10 

0-51 n» ol) . „ OBt ( „ n 5i , ° SI " 3 <° "5. 

in 5«, „ ^' ° T " ™» (0.052 

^ . _ . m • The acetal 



15 



) in smL of DMF Thp v w ' WJZ nu,, 

sol id (0 . 42 g) . lH * J/coV^T ° btained " 3 

3«H), 0 .9(dd, 6H, (<J ' 3H) ' 2 -°-l-0(2 br 



°-'»«ld, SH). 2 - S - 1 0(2 br «; 30 H| , 



BNSOOCtD: <WO__«1 4KT7A1 JL> 



WO 96/14857 



- 62 - 



PCT/tS95/U921 




diethylacetal: compound was 

5 Following Method C (Example 9), the t 

■„„ azelaic acid monomethyl ester (0.708 g, 3.s 
-made usmg azelaxc a 3 . 5 mmo 1 ) r NMM- 



10 



«,!>. BOP -(l.SSg, 3-Snunol), HOBt 
(0 .38mX, 3.5»»ol>, N^nitro-L-.rg i nyl-^l.»«n-l 

diethylacetal (obtained .om step J £ ^ ^ 12wl 
following method B, * ^ solid 

of DMF. The peptide was obtained as a P 
(2 . l7g) . >H ^( 300 ^,00^) ^5^ ^ 
1H) ,4.47 ( m, lH,, 4 .30(d 1H) 4 .1 7- ; H ^ ^ 

3.53C. 2H), 3-2-3.4(t, d, 2H) 2.3(». 1 
15 l.B3(., 1H), 1.2-1. 8(«. 24H) , 1.2(n,.3H>, 0.9( 

^Kvlazelayl-N'-nitro-L-arginyl-L-leucinal: 
Step 2: Monomethylazelayi peptide acetal 

usi ng the Method E ^"^j^' ^/Jound 26 (0.22 
(from step 1) (250mg) was --"ted t P ^ _ 

g) . «„ NMK ( 300 MHZ, DMSO-d , . *W ) 

20 -< — — 

0.86(m, 6H) 
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Example 27 



Monomethylazelayi-N^nitro-L- 



arginyl. L - phenylalan . nai 



tl 



used in Leucinal diethyl.ce^ rl 1 :: 1 ; 5 ^ ^ « 

y cetal (method F, Example 12). 

Step 2: Frnoc-Arg(N0 2 )-OH. 

— d to a stirr j 6 L ° - - - - 

»ol) and Na „co 3( 70 mmol , in 70 ^ o£ "'o "T" 1 "" 
solution cl eared after i h . h u * " ,ilk > r 

— solid citric HZ H ™ -olution was acidif ied 

15 of EtoAc . The organic 1 12 r sh e r racted with 300 ^ 

^ied and evaporated to yield the 7 " ^ 

(26.8 mmol). * thS com P°™* as white solid 

Step 3: Fmoc-Arg ( N0 2 , -Resin. 

20 nitrtrir'r 9 "' ^"-^^o^c-rbonyl-.,.. 

ro L - ar 9J-nine (from step 2 2fi b „ , . 

HOBt (30 mmol) and NMM (55 J^f B °' (3 ° - ol >- 

"ith 10 g of p AC res^ , ' " '° " L ° f ° MF " as 

to polystyrene 1* d ( ";« th ^P»»—cyl linker attached 

supplied ; -ni~:„r en ;; c su : stitu r on °- 97 ™ oi/ " 

'S and stirred for 4h The ' " 9 ° f Pruss "< PA) 

9) Was tr ®ated with 100ml of a 
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resin was filtered and consecutively wasn 
(5 0:50) and MeOH to yield the product (9.2g) 

5 Step 4: MeOAz:Arg(N0 2 ) -Resin- „•„.„,. 

Monomethyl azelate (20 Kunol) was added to a sirred 

■ ^ / q on\ BOP (20 mmol), HOBt 
slurry of the Arg(N0 2 ) -Resin (9 2g) BOP ( 

(20 nunol) and NMM (to adjust the P H to 8) After 
(20 mmoi, mixt ure of monomethylazelate < 10 

overnight stnnng , - u and NMM (20 ^ 

10 nunol), BOP (10 m-l) 24 hours . The resin was washed 

was added and stirred for 24 ho 
with DMF / DCM and methanol to yield 10.56 g of 

St ep 5: Monomethylazelayl-N«-nitro-L-arginine= 

P Th e product fro, step 4(10.56,, was stirred for 5h in 

soluti0 n of ioo * of r - - - 1- -:;: and 

mmol) . 

„onomethylazelayl-N«-nitro-Wrginyl-L pheny 

diethylacetal- , Example 9) , methoxyazelaoyl- 

Following Method C (Example 5;, 
N .-nitro-L-arginine (1 nunol) was coupled with 
Lphenylalaninal diethylacetal (1.3 « > ) «*« B 3^ 
25 mil), HBOt (1-3 »ol) and NMM (to adjust P« 
yield the title peptide (0.82 mmol). 
step 7: Monomethylazelayl-N-nitro-L-arginyl- 
linal . 

■thod E (Exai 
30 step 6 was converted to 



15 



20 



L-phenylalaninal . prod uct (0-82mmol) from 

Using Method E (Example * ^ . i H 

steP 6 was converted to P ? . 49(s , 

HHK (300 MHZ, CDC1,) . ..S*!-. 1">. 4 g9 (m, 1H) , 4.60(m, 
1H), 7.31-7.09(m, 7H) , 6.71(d, 1H) , 
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1H), 3,66(3, 3H), 3.41(10, 2H) , 3 2 7tm 

2-2(t, 2H), l. 8 0-1.2( m , 14HJ } ; 3 - 27(m ' ^ 2H } , 
Example 28 

Monoraethylazelayl.N*-/2 2 5 7 o 

5 «— 



o 




Step i: Monomethyla 2 elayl- N «-f2 2 5 7 a 

6-sulfonyl,-L-aroin v) t , • ' ' ' 8 " pentameth ylchroman- 

io g , 7 .o. was coupled w ^;_ 9 ; ;~ ylazelate (142 

diethyiacetal (3 o« * "^^nyl-L-ieucinal 

Exa»pL 2 u " ^ mn, ° 1 ' ° bt *^ f". step 2 in 

^ U) ' USin 9 7 -0 ronol each of bop x,™ 
obtain the compound (3 . 43 g , as so •! ' "° Bt and NMM to 

2 -2(tt, 2H,, 2.0-1 25,2 b- J^' 2H) ' 

6H). ^ m ' 1?H ^ *-20(tt, 6H), 0.90(dd, 

2 0 Step 2: MonomethyIazelayl-N«- f 2 2 5 7 a 

st epT:i;r n ::; te i E r p c ie li} d the ~ <■■» « <~ 

«»(m, 1H>, 3.57(s, 3 H) , 3.15(m, 2H) , 3 .00ft 2H) 
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Example 29 lchroman- 
Monomethylazelayl-N*-(2,2,:>, /,o y 

6-sulfonyl)-D-arginyl-L-leucinal 

' ".Xjl. 




* stei. 1: 9-Fluor.nylMthoxycarbonyl-« , -(2.2' 5 ' 7 ' 8 - 

diethylacetal . 

Following Method C (Example 9,, tamethylchrom 
9 -Fluorenylmethyloxycarbonyl-N*-(2,2,5,7, a p _ 

(3 nunol) and NMM (5 mmol) in 5mL. of DMF to yx 

peptide (1.72g, 2 mmol) as a solid. 

Step 2- MeOAz-D-Arg(PMC)-Leucinal diethylacetal. 

w j p ,Fxamole 9), monomethylazelate (1.0 
Usxng Method C (Exa.pl . 9 taJnethy i ch roman 

- oi > was coupled wxt 'J thylace ^ (0.54g, 

-6-sulfonyD-D-argmyl-L-leucxna following 
0.88mmol> obtained fro. title product o Step 1 



15 



20 



/alole 8 using BOP (1 nunol ) / HBOt (1 mmol) 
method B (Example 8), usx g prod uct 
and NMM (3 nunol) in 5 mL of DMF to yxe 

(0.735g). 

, i N i tl 2 5,7,8-pentamethylchroman- 
Ste p 3: Monomethylazelayl-N»-(2,2,5,/, P 

6-.ulfonyl)-D-.rginyl-L-I.ucin*l. ^ ^ 

using method E (Example IX). ^ the P ^ 
step 2 was converted to Compound 2 anc E 
'« -(300 MHz, CDC1 ) 6= ^ «( , » . 
XH>. 6.43(1. 1H), 6.34(s, 2H , C 
4.S4(s, 3H), 4.37(m, 1H) , 3.66 (s, 3H) , 
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Example 30 



5 , ^i*w^r wwa «' 




Ste P 1: Fmoc-N*-/2 2 s 7 o 

*--rginyi- t _ norI . u ;/ n ^ 

the P roc edures in the pr ! parat L T CB2 " Nle - 0 « tolling 

according to the j " d ™« _(« -ol, in 6 ^ of DMf , 

Peptide (1 . 37g , 1>64 ^J,^ 1 * 9 >' - y^l d the 

15 Step 2: MeOAz-ArgfpKc 

FoIlo. ing Method c ( E 'Z,rV nal diSthyI 3CeCai - 
<™°D -as coupled with Arg ( P M C> "^"^l —late (2 

(1-39 -1, chained f ro/^ ep ^'^r^ 1 ~etal 
Example 8) using BOP (2 ^ , . ° UoVin 9 Me th°d B , 
*° -ol, and stirred oJlX .he 0 " " nUn ° 1) ^ <« 

n-onomethylazelate, BOP unp* V day ' 1 """^ each of 

stirred for 4 hours r h " ^ * dded 

25 s ^coXr^M^/jTr- ni ' the ~ 

(o-58 g) . H NMR(3 oo CDC1 rrr d to compound 30 

( ' 2H) ' fi '"«'lH), 4.58 (m , 1HJf 
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2H) , 
2H) , 



4 .31<m, 3.66(.. 3H>, 3.34(., , • 

2.58(3, 3H), 2.56(s, 3H) , 2 . 29 ( t 2H 2 2 ( , 
L9-1.5 22H), 1-30(5, 6H) , 0.86 (t, 3H) 

5 tz^^i*^^^-^* 1 -*- 



leucinal 



o 



if- 



diethylacetal. 
10 using Method C (Example 9), Fmoc-N-(p 

peptide was isolated as a solid (2.86g, 3.9 

>, L^iavl-N'-tP-toluenesulfonyD-L-arginyl- 

15 Step 2: Monomethylazelayl-N IP 

L _leucinal dieth * la f 9) , m onon,eth y l azelate (6 

Following Method C (Example 

i with N«-(P-toluenesulfonyl)-L- 

1-b.nzotri^ol-l-y 1 - 1 ' 1 ' 3 '- 1 „ 0BI; (6 rnnol) »"d HUM 
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Step 3: «bnom.thylazalayl.N«. fp . tol 

According to Method E fFv*m~i 

5 i h ( 3oo o; S o:; 6 7rr3° compound 31 

1H), 8.37 (d , lH) , ? » «• 9.37(. # 1HJ , 8 . 97 

10 Example 32 

-I-ar ginyl . L . leucinal semica J a ; 2 o ; 3 ; 6 -^- .tl*l-l-. ulfoByl) 



*8 N3 'jXO^ o/ 



6ee Basak, A . et al r 

«>•* -oi, an d sodium ' c e ;;;;7 9 a ;: n hydroc hioride ^ •*> 

50% EtOH was neated to 70Oc tS f j 9 0.11 -ol , 

concentrated to afford a ! • h faction mixture 

o 32, which was subseguen f t °; d ;j;j ht /: 1IOW «ou d ( co mpound 

66 8( S , 1H,,6. 22(S /J ' , ,91(t ' 1H) ' 7 - 09 < d ' "J, 
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Example 33 «_trijnethvl-l-sul£ onyl ) 

Monomethylazelayl-N«- ( 4-methoxy , 2 , 3 , 6-trunetnyl 

_L-axginyl-L-leucinal thiosemicarbazone) 




5 renewing the sa,e steps in Example 32 Compound 33 

was made from the Compound of Example 34 (51 n,g, 0.07 
Zl) and thiosemicarbazide (7 m g, 0-07 «ol, xn 2 of 

90% EtOH. 

„ ni:,"— ^"--o-— ...3..™*— 

S ulfonyl)-L-arginyl-L-leucinal 



15 



20 



S „p l: F=11=«1», -^C l"^ 1 ' S, VV t 'l°r*" y '' 

" prepared fro, 9-f iuorenyl.e^yloxycarbonyi-N- 
( 4Jt h ox y -2,3,6-cri m e t h y l be nzene- 1 -,ulfonyl)- L 
arginine and L -leucinal diethyl acetal. 

w i av1-N 8 -( 4-methoxy-2 ,3,6- 
Step 2: Monomethylazelayl-N ^ 

LiLthylhenzenesuIfonyD-U-arginyi-L-leucnal. 
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Following Method C (Example 9 \ m „ 

- 01) was coupled with L ( ^^rrr rim ' mimtm ' ts 

trxmethylben2ene-l- S ulfonyl)- L _ arginvl ' ' . , 

amorphous solid (3.3g,. isolated as an 

Step 3: M*thoxy«elayl-N«- (4 - Bethox 2 3 , 

The product from ste p 2 (0 5a, Jl ^"""al. 
10 Compound 34 , 0 , finl 9) 35 conv e«ed to 

Example 35 




20 til 1 " r"^^ 2 ' 4 ' 6 -^ 6 ^ 1 ^-- 1 --^^)- 

I-argxnyl-L-leucinal diethylacetal . 

A solution of 4M Hri 

solution of Boc-^U Tl/" ^ '° 3 

After 30 minutes IhT \ J " 10 ° f dio "«' 

'5 added 1 eS ' the Solvent w « removed and ether was 

■5 added, the precipitate was collected and dried (3 21^9 

Z: ) Ar Th- Ar9 - MTS - 0H Chloride was convert! to 
P*oc-Ar g („S,-OH following the procedure as described for 
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the preparation of the tosyl derivative (Example 31) to 
yield the title compound as a white solid (2.09g). 

Step 2: Fmoc-Arg(MTS)-Leu-acetal. 

Following Method C (Exa.ple 9), Frooc -Ar g ( MTS -OH (3.361 
5 mmol) was coupled with leucinal diethylacetal (4 -ol) 
using HBTU (4 nunol), HOBt (4 mmol) and NMM (10 mmol) ,n 
no, of DMF to yield the title peptide (l.OSg) 

Step 3: MeOAz-Arg(MTS)-Leu-acetal. 

Using Method C, monomethyl azelate (1.2 mmol) was 
10 coupled with Arg ( MTS ) -Leu-acetal (0.85 mmol , 
from step 2 following Method B, Example 8) usxng BOP (1.2 
—1>. HOBt (1.2 —1, and NMM (3.6 mmol) in 3 -L of 
and stirred overnight to give the title peptide as 
semi-solid (0.59g). 

15 step 4: Methoxyazelaoyl- N -(2,4,6-trimethylbenzene- 
l-sulfonyl)-L-arginyl-L-leucinal. 

According to Method E (Example 11), <°- 59g> 
of step 3 was converted to Compound 35 (0.54g) and 



Example 36 
;-Cyano-he 
25 6-sulf onyl ) -L-arginyl-L-leucinal 



t m« f2 2 5.7,8-pentamethylcnroman- 
6-Cyano-hexane-l-sulfonyl-N«-(2,2,5,/,o P 




/ \ 
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Step 1: 6-Cyano-hexane-l-sulfon y i_ N «_ (2/2/5 7 8 
diethylacetal ar 9inyl-L-leucinal 

-rr: « - *x . . 

reaction mixture w as „ n - n , f sti "xng, the 

xn tne title compound (0.466g). 

Step 2: 6-Cyano-hexane-l-sulfonyl- NM2/2 5 7 8 
pentamethylchroman-e-sulfonvD-L ' 2,5,7 '*~ 

Using method E (Example A, 
"ep 1 was converted to ' 1 Pr ° dUCt ( °- 297 ^ *«. 

» HP LC as descrLId L ST^" ( < 0 - 229) PUr " i - 
D«SO-d 6) 6 , 9 37fs 1H " 1S Table 6: N MR(300 MHz , 

«H>, 2.0(. 3H , ,i. 2 "' c ' 2 *>. 

»•»<■. «). 5 "' 

2 0 Example 37 

2-Naphthoyl-^n^^^.^^^^^^^^ 




25 



2-Naphthoylchloride (Q ind a n 
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^ « oo/k i*n 8.0-7 .91(mm, 10H) , 6:"93 
(3 00 MHz, CDC13) 6: 8.92(b, 1H) , I 

e m/ m ih^ 4 37 (.d, 1H , 4.17 (m, 1«) , ^" 

5H), 0.83 (dd, 6H) . 
5 step 2: 2 -Naph t hoyl-N«-ni t ro- L -arginyl-L-leucinal 
5 'using MeLd E (Exa.ple U), *» produ- ,0.1,,) 

BM p X Jas convened to the — d - ( 0 ,o - 
( 300 MHz, DMSO-d 6 ) 6: 9.43 <s, 1H) . 8.72 (d 1H>, 
L, 8.0 .(., 6H,,7.6 2H,.6 : 20(» 1H, . 4 



10 



step X was converted to the Compound 37 (60 mo, 

,00MHz, DMSO-d 4 ) 6. 9.43 C.»»>. 8 ' 72 < d ' lHJ x 

4.14 (», 1H), 3.92 (m, 1H) , 3.2 (m, 2H) , ( 
(m, 5H) , 0.86 (m, 6.H) - 




diethyl acetal. . CBZ -7 -aminoheptanoic 

Following Method C (Example 9), , 0« 8 
a =id (0.7,. 2.5 nunol) was coupled wxth the pr 

i u /n 78a, 2.0 nunol using BOP t^^' 
2 in EXamPle '\ a 2 5 — 1) and NMM (0-253 «L, 2.5 
20 nunol), HOBt (0-34 g, 2 . 5 nuno j which was use d 

m ol) to yield the peptxde as a sem, 
directly in the next step. 

i =r-ni nvl-L-leucinal - 

F011 ow in , «.« . * »>■ ; ltet a. 



BNSOOaD: <WO__961 4867A1JU* 



WO 96/14857 

PCT/US95/14921 

- 75 - 

(s, 1H), 7.64(H 1H1 7 n, 

°-77(dd, 6H) (t ' 2H >' i-7-1.00(», 10H), 

5 Examples 39-42 describe t ho 

inhibitors l ist ed in Talie? <>t the MCP 



Table 7 




i5 Example 39 

io-c yano . 2 _ cyclopentyideca 

leucine chlorcnethylJcetone . n "«-l~- rgxnyl-L- 




inhibitorl of the i ^ f ° liOWing threS — P^s, the 
20 Procedure „ ln "T^" Pre P a « d Coupling 

d ecanoyl- N .. n ; tr I o n . L ea a C r h oi CaSe ' 10 - C ^-- 2 -c y clopentyl- 

*s coupled to an en " e r" 6 " d "« ib ~ 

enzy.e-react.ve amino acid derivative to 
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produce the inhibitor. These inhibitors are obtained as a 
mi xture of two or more diastereoisomers which in some 
cases may be separable by HPLC . 

A) XO-Cyano-2-cyclopentyl-decanoyl-N^-nitro-I.-arginine 

5 methyl ester 

Following the procedure of Method C (Example 9), 
10-cyano-2-cyclo P entyl-decanoic acid (2.4g; llnol) from 
Example 13 Step 5, in 26mL of DMF was stirred with 
N'-nitro-L-arginine methyl ester dihydrochloride (2.B6g, 

10 Ummol), BOP (6.6g, 15mmol), HOBt (1.62g, 12mmol) and 

3.61. of NMM (33mmol) to yield 4.8g of the methyl ester as 
a foamy solid. l H NMR: ( 300MHz, CDC1 3 ) 6 8.75 (bs, 1H) , 
7,81 (bs, 2H>, 6.42 (d, 1H) . 4.67 <t, 1H) . 3.82 (•.*">'■ 
3.75 («; 1H>. 3.32 (», 1H), 2.15 (t, 2H, , 2.05-1.12(m, 

15 28H) 

B) l0-Cyano-2-cyclopentyl-decanoyl-N«-nitro-L-arginine 

A solution of 5.5g of the methyl ester from part "A" 
ab ove in 30mL of methanol was treated with 24mL of 1^00 N 
aqueous sodium hydroxide. Afte,r 2 hours, lOOmL of 2% 
20 aqueous sodium bicarbonate solution was added and the 

resulting solution was extracted with lOOnd. of ether. The 
aqueous layer was separated and acidified with 3% aqueous 
citric acid and extracted with 250ml, of ethyl acetate. 
The resulting organic layer was separated, dried over 
25 anhydrous MgSO t and. evaporated to yield a & 
which on trituration with petroleum ether solxd.fxed to a 
TL white powder weighing 4.4g. l H-NMR ( 300MHz CDC1, 
10.6 (bs, 1H), 8.75 (bs, 1H), 7,82 ( bs, 2H>. 6 41 d 
4.67 (t,lH), 3.71 (m, 1H) , 3.32 (m, 1H) , 2.15 (t, 2H), 
30 2 .04-1. 12 (m, 30H) . 

C, l0-Cyano-2-cyclo P entyl-decanoyl-N-nitro-L-arginyl-L- 

leucine chloromethyl ketone. _ 

A mixture of 467mg (1.0«ol) of the product 
- B - above and 270mg (1.0—1, of leucine chloromethyl 
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ketone hydrochloride (Bachem Biosciences i„ c *■ 

^ etnyx acetate, washed with ?a =~ 
waMar- 11- Wltn 2% aqueous NaHCQ 

water, 3% aqueous citrir , r , "a n ^u 3/ 

compound was purified bv fi, e u w 

•1-tion. Th. resulting '". 6 °- H ethyl for 

:r - r „ » ,i« 1S6 ; £ m -"l^ 1 " ethyi 

HPLC. m a water ■ se P*rated by preparative RP - 

onitrile in 40 m in .) the peaks at 22 58 

// '.jj. (os, 1HJ, 6.69 iHi a i -> , 

4 -6S <m, 1H), 4.28 (o 2H) \ „ , 3 (m ' 1H) ' 

■> t, - , ,r 3 " 53 m ' 1H K 3.31 ft ih ) 

<t. 2H), ,„, 31H) _ „ „ m _ )■ 
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XO^o-2-cyclopen^l-decanoyl-H-nitro-I.-arginyl- 

boroleucine pinacol ester 




10 



15 



A solution-of 4 6 7n, g < 1.0*1 of. lO-cyano-2- y lopentyl 

oecanoyl-N'-nitro-Wrginine (Exa^le 39, part B above) 
and 264mg (l.Onunol) of boroleucine pinacol ester 

^ K^r the method of Shenvi, U.S. patent, 
hydrochloride prepared by the metnoa nmmol x D f 

J t v ~* qnp And 135mq (l.Ommoi) ot 

* ct7 77 ? 440ma (l.Ommol of BOP ana uamy v 



20 (m 
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Example 41 



.NO, 



25 



30 



5 "hyla.inocarbonyl 1 - hydroxy- 4 -nJnyl, ""^—^nyl- { z . 

cyclop e ntyl-decanoyl-N«-nitro r. „ . I0 - Cyan °- 2 - 
amino-2-hydroxv 5 """^-"S^™ and 225 mg of 3 - 

-e.ted wlth 440mg (lmmo ^ ^ - o, DMF was 

— 0.33,, (3lBIBolJ Qf NfM A f ft B e ° r P ' st 135 ^ of HOBt 

the solution was diluted f 9 2 h ° UrS -' 

- shed with 2% agueQus -f ethyl acetate and 

15 aCld ' — «- dried (^SO.) to yi .; d .r" 0 "' ^ 

00 mg of tne h J after evaporation, 

'H-HKR. (300MHz, CDCl,, 6 8 53 " ° ff "^ te -olid. 
7 "°« ri». 1H,. 6.83 (t „ S ' ? - 73 (bS ' 2H) ' 

0.88 (m , 6H). 1-8-1.2 ( m , 2BH). 1.13 (t , 

B) 10 -Cy-no-2-cyclopenty 1 - d ecanoyl-N«- nl tro La 

1-cin. alpna- k etoethyl amide ""«-L- arginyl . L . 

"a " i™; ™ 9 d of ^ Par t 

0-C and stLre. wth 225^ «• cooled to 

4158 (1983)). ' J - ° r ?- cheia - 48, 4156- 

rr.d f„ r 2 hours . T|)e ^ 
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diluted with 50*1, of ethyl acetate and filtered through a 
fine ltered-glass filter. The filtrate was washed wxth 
ragueous Na!s 2 0, and then with saturated NaCI It was 
e d (MgSO t ) and evaporated to give 180mg - --e sol d 
5 Ketoamide product. It was purified by prepar t ve RP 
using a water-acetonitrile gradient system (40-70% 

a etLitrile in 40 .in.)- «« ^ at l8 - 07 ^ 
^stereoisomer a) and 19.54 .in. (diastereo.so.er b, 

were coll.c«d. CDClj) 6 8 . 45 (bs, IK,, 

Diastereoisomer a. n wi^ \ 

7.58 (*>., 2H,. 7.04 (bm, 2H). 6.57 (t, 1H) 5.33 (t. XH, 
4.60 (m, 1H>, .3.51 (», 1H). 3 . 33 <m, 3H > , 2 . 35 ( t , 2H) , 
1.91-1.11 (m, 34H), 0.94 (m, 6H) . 

^stereoisomer b. 'H-NMR (300HHz, CDCl,, S 8^45 (b.. 1H>, 
7.48 <bs, 2H), 7.25 (m, 1H> . 7.04 (t. 1H) , 6. 85 (.. «, , 

6 ,2 ( (d , 1^,5.32 (t , i-). »>- • . m ;i Z: 

3.51 (m, 1H), 3.35 (», 3H), 2-35 (t, 2H) , 
32H), 0.98 (m, 6H) • 



10 



Example 42 
20 iO-Cyano-2-cyc 
phenylalanine 



lopent:yl-decanoyl-N«-ni t ro-L-arginyl- 



f luoromethylketone 




A) synthesis of ^^^ro^ (3.25,. 

To a stirring mature f ^ in chloro form 

0.035mol) and silica ge 0g 30 temperature , was 

25 (400 mL) and isopropanol (75 mL) at ^ g 

slowly added sodium borohydr.de S.SOg. J' 1 ^ f „ an 

* A^m^n The reaction mixture was stirt 
period of 45mxn. The r quenc hed with 10% 

additional 15min and then carefully q 
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hydrochloric acid (20mX; . Separate , 
-d washed w ith chloroform ^ C 

washing was washed with wa ^°-> x filtrate and 

and dried over anhydrous sodium suIf at ^ ' f ^ * ^ 
* evaporation at reduced pressure gave a C rud 

which was purified by fi ash material 
ethyl acetate-hexanef * ^ " 
Phenylethane as a colorless oil r 1 - nit "- 2 - 
acetate in hexane) , 0 .40- 'h nmr ^7 ° d ° r) ** ""^ 

1 ' ^ H) ' 3 - 3 <> (t, 2H) . 

BJ Synthesis of l-Fluoro-2-hydroxv , 

To a cooled ( -78'C) so],,/ Xy " 3 - nitr °- 4 -Phenyl butane 
-ethylene chioride (lUO^ < 2 «> *« 

dimethyl sulfoxide (3 65g 3 ^ 32m °^ was added slowly 
" "-tion mixture J 3 s "^J- 32n,L ' °- 0 «^lJ. The 

fluoroethanol (M6 , 0 Dl)n 15min - A solution of 2- 

ir , wa S thj s ^;^:::-^ ne chioride 

After stirring for another l 5 mi n the r6aCti ° n flaSk ' 

diluted with anhydrous m ~r* , "action mixture was 

= 0 triethylamine (9 20 g I2 63 1 ^ (18 °^' — 

ng was ^^^^ T ^ * ^ 
temperature had risen tn y WhiC " time the 

a solution of X-n ltr o 2 Dh , * ' «i, time, 

anhydrous methylene "ttJ^^T (2 ' ?4g ' °-° 181m0l) ^ 
5 reaction mixture and stirr^a t0 the 

The mixture was Stl " in 9 ^s continued overnight. 

hydrochloric a Ci d 3 TToT^ (1 « 

sodium bicarbonate solut^ ^"^ ^ X 20,,lI ' , ' d 
20mL) Drvinn UO " (2 x 20n *0 and brine U x 

hexane) to oivp ^ ethyl acetate- 

) to give the product as ervthro 
Combined yield was 1 m erytnro and threo isomers. 

.... — w„„ .j.'^, « 1.. « 



BNHXWtD: <WD_^961 4867 A1 JU> 



PCTAJS95/14921 



WO 96/14857 

- 82 - 



«:.«t. in hex.".) . 0.46: -H-NM. (300«H„ C0C1.) S 7 40- 
; " 5 H„ 4.90 ... 1H>. 4.60 ,., »). 4.50-4.30 ... 

2H) , 3.45-3.25 (», 2H). <«' ' 

5 I.o»r b - S . "ion... =U, <30« .thyl 

„.„.»., . 0.42, *.m <30OKH„ COC1,, . 7 «.-7 IS (.. »l. 

4.50 ,.. 1H,, 4.65 ,.. XH). 4,50 1H) . 4.20 (.. TO. 

3.40-3.30 (o, 2»). 2.90 (d. 1H) . 
C) Synth..!* of 3-M.in=-l-fl»oro-2-nydro*y-4- 
10 - PB "'~. o f c h = .W. i«r-.T 0.4.,r 2.25^,. — 

Filtration through a Ceiiw pa 
l5 Le 410mg of amine isomer a. Similar treatment of the 
loove isomer b (800ma, 3,75—1) ^ SlOma of am.ne 
isomer b. 

20 IK). 3.90-3.70 <m, 1H), 3.30 3 1 I 

2.60-2.45 (,. 1H), 2.20-1.70 (bW.d, 3H). 

1H), 3.70-3.50 (m, 1H) , -> < ^ v 
25 2.60-2.45 (q, W) . 2.20-1,65 (broad, 3H) • 

D) 1 0-C y ano-2-c y clopent y l-decano y l- N «-ni t ro- L -ar g in y l-( 4 - 
fluoro-3-h y drox y -l-phen y l)-2-but y lamide 

A solution of 467ma (1.0—D of ""^J 
cyc lopent y l-dec a no y l-H.^ in 
30 (l.Ommol) of 3-amino-l-f luoro- -h.drox y P ^ ^ 



After 
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"J. 7. S2 (bs , , 7 21 r «H? / '" D " S °' 5 815 

»>. >■» (..■>«,. ,.04-;.„ ( I; 3 1H 7 ) S < - J «>- 

A solution of 250mg of the hvH^ 
-C- above in 6 . 0raL of * h * droxy "-Pound from part 

to 0. an d stirred JZ™£°"' diChl0r0lnetha - -s code, 
-agent. The ^ («- 0.5« B o 1) of oess-«artin 

suspension was diluted with sol T ^ Cl ° Udy 

filtered through « fine fi . ° f " thyl 3Cetate «d 

ine sintered olass f;u. 
fxxltrate was washed with 10% aaul ^ 
-turated N aci . lt was dried ^ 

giVG 18 °^ °< "hit. solid. Af er ' '° 

of pure fluoromethyl ketone oroH ^^ation, 42m g 

'H-NMR : (300MH2/ CDCl,, 6 8 sH^" 

(t, 1H,,7.21 <m 5H) 6 fi ' 1H) ' ? - 62 (bS ' 2H ^ 

S pecrfr C a:Lri S p r e t: s ir d doc ™ ents — - - — 

entirety. inCOr P°"ted by reference in its 

Those skilled in the art will „ n 
30 changes and modification, t a PP«cxate that numerous 

embodiments of th • 7 ^ ^ Prefe " ed 

Edifications Jv be h " ^ SUCh Chan 9 eS and 

—t of t;: ttjzt^ from the 

the appended claims cover all eou " th " 
35 fall within the true spirit and ^"ions as 

ue spirit and scope of the invention. 
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SEQUENCE LISTING 



(!) GENERAL INFORMATION: 

(i , APPLICANTS: £^™ d c gSi rJe e 
James L. Diebold 
James C. Kauer 
Robert Siman 

TITLE OP INVENTION: -^catalytic Protease 
(iii) NUMBER OF SEQUENCES: 10 

Mackiewicz toeeT: ^ Liberty place - 46th Floor 

(C) CITY: Philadelphia 

(D) STATE : PA 

(E) COUNTRY: U.S.A. 

(F) ZIP: 19103 

?! SSESi S5^,^SSSS-». 

(D) SOFTWARE: WordPerfect 5.1 

, • i rrraRENT APPLICATION DATA: 
(vl , C ^ E ^ p ^ ICATIQN NUMBER • N/A 

B) FILING DATE: herewith 
(C) CLASSIFICATION: N/A 

is siss.-"-" 1 

IB) TELEFAX: 215-568-3439 
(2 ) INFORMATION FOR SEQ ID NO 

(i, SEQUENCE CHARACTERISTICS: 
U (A) LENGTH: 3 6 base pairs 

(B) TYPE: nucleic acia 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

{xi , SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
TCGATCGAAG CTTGCCGCCA CCATGGCGAT GAAAGC 36 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS - 

B TYP^ H - 3 ? b *~ pairs 
)z> i rFE: nucleic acid 
(C STRANDEONESS : single 
(Dj TOPOLOGY: linear 9 

(xi, SEQUENCE DESCRIPTION: SEQ ID NO- 2- 
AGCTAGCCTC GAGCAGATTA CAGTTTAATG 30 

(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS- 

(D) T0PO L0 G Y r!f ne ^ n9le 
SEQUENCE DESCRIPTION: SEQ I0 N0 . 3 . 
TTAATCCTCA CTCTAAGAAA C 21 

■12) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS- 

(C) strandedneIs^ 

(0) ToPOLo G yfi S f ne ^ ngle 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO-4- 
TTGTACGGCC AGTGATGGAA TGCT 24 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS- 
(s; TYPE: nucleic acid 
(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 . 
AGC ATTC CAT CACTGGCCGT ACAA 24 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS : 
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(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

( xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TAATACGACT CACTATAGGG 2 0 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
K (A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 
C STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
GCACACCACT TTCATCGCCA TGGTGGCGGC AAGCTTCGAT C 41 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

( xi) SEQUENCE DESCRIPTION:* SEQ ID NO:8: 
ATTAACCCTC ACTAAAGGGA 2 0 

(2 ) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
1 * (A) LENGTH: 41 base pairs 

B) TYPE: nucleic acid 

C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

GATCGAAGCT TGCCGCCACC ATGGCGATGA AAGTGGTGTG C 41 

(2) INFORMATION FOR SEQ ID NO: 10: 
ti\ SEQUENCE CHARACTERISTICS: 
(1) (A) LENGTH : 18 base pairs 
f B TYPE: nucleic acid 
C STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(Xij SEQUENCE DESCRIPTION: SEQ I0 NO:10 . 
CTTCAGTTAA TCCTGTAA 18 
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WHAT IS CLAIMED IS: 

x . A compound of formula: 



o ° 



R __ (CH - )r - CH- C " NH- CH- C - NH- R 4 



R 2 R 3 



wherein: - r =M 

Rl iS select fro, the group consist of -C-N, 

5 -C(=0)OR,, phthalimido, 

R2 is select fro, the group consist of H, 
hydroxy!, .1*1 -ing fro, one to ten canons, ana 

three to seven carbons; 
cycloalfcyl havxng from three t 

Rj is selected from the group consisting 

10 - ( CHj) .-NH-C ( ■M-RjT" mh » ' -«.-«»> -«<->' 

R t is -ch(ch 2 -r,)-Q; 

^ * the aroup consisting of -CH-R., 
q is selected from the group 

n, n ,rHCl -C(=0)CH 2 Br, -C(=0)CH,F, 
_C(=0)CH 3 , -C(=0)CH 2 C1, <~\ ; 

-C(=0)CHF 3 , -C(-0)CF„ -C(=0)C(=0)R„ 

^ x, _C(=0)C0 2 H, -B(OH) 2 , 

B X X (CHi)P 

- -r? "H ~H i > 

0-VhiWi , 0— (CI«P > °- W ' (CHa)^ 



where p and q 
W is cycloalkyl 



independently, are 2 or 3; 
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* is selected from the group consis Qf 
-CN, and -j; * Uj ' 

*« is -(CH 2 ).-NH-C(=NH)- NH -. 

- - ^^-rrrirn^rb. 0 -- 1 - 

«p tio „. lly 5Ubatituted „ — 

-»-N«C ( .<„. TO! , ,„_„„_ .„_«.„ _ „ 
10 • „„ -K.M.J. C »<-C.H S . -»NK. C ,. S |. NH! 

K, ■ i. selected fro » th . „ ou[> „„. 

halogen atoms, arvl ar , 

< aryi or heteroaryl groups; 

J is a protecting group; 

" is an integer from 3 to 10; and 

"> is an integer from 2 to 5 . 

from th ^ COmP ° Und ° f Claim 1 Wh6rein «< iS "^ct.d 

from the group consisting of -c^N ci-n>nn 
20 and -NH-SO^. ^(-0,00,,, phth.li.Wo 



The compound of claim 1 wherein R 2 is selt 

cyclopentyl . 



— ^2 is selected 

from the group consisting of H and 



<■ The compound of claim 1 wherein R 3 U 
' ( CH 2 ) 3 -NH-C ( =N-R 5 ) . N h 2 . 
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5 . Th e compound of claim 4 wherein R, is selected 

„f Mn CN -PMC, -MTR, -MTS.and 
from the group consisting of -N0 2 , CN, 

Tos . 

6 . T he compound of claim 1 wherein R, is selected 

r pu/ph \, -fCH 7 )7-CH 3 and -C 6 H 5 . 
5 from the group consisting of -CH(CH,) 2 , (C l)2 

7 . The compound of claim 1 wherein Q is -CH-R.. 

8 ~ T he compound of claim therein Q is selected 
from the group consisting of -C(=0)CH„ -C(-0,CH,C1, 

r,-D>CHF -C(=0)CHF 2 , -C(=0)CF 3 , -C ( =0) C ( =0) R; , 
_C(=0)CH 2 Br, -C(=0)CH 2 f, <~l 

10 -C(=0)C(=0, N H-R 7 , -C(-0,C0, R „ -C(=0)C0 2 H, -B ( 0H) 2 , 

-R— 0 -B— 0 -B— 0 ! | 

|| ! I I I 6 NH 

0— (CCCHahh , 0— (PUP • 0-W • 



9 . The compound of claim 7 wherein Q ' is selected 
from the group consisting of -CH-Ra , -B(OH) 2 , 
-C(=0)C(=0)NH-R 7 , 

_B— O -B— O 

| I and I I 

] 0— (CCCHjhh O— (CHz)P 
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«• The compound of claim 7 wherein » • 
NOC Hj , =N-0-CH 2 -C s H 3 , and =NNH-C(=S,-NH J . 

The compound of claim l wherein R «, , 
3 fro* the group cons isting of . C(=0)0CH " " 

—o 2 c F , R2 is cyclopentyl . R C s 0) ^' Phth — - 

15 ~ CH - R « ; * is -CH(CH J)2 ; and Ra is =Q 2) ' 

12. The co W o£ claim 2 where±n Rj ^ 

'" Rj " Wl»ntyl, Rj is selected 

10 consisting of - fCH , NN „ gr ° UP 
9 or fCH : ) 3 -NH-C(=N-N0 2 )- NHj and 

-(CH jh - NH -C(=N-j)- N H 2 ; Q is _ CH . R . _ . 

r i<5 _ " R " is - C H(CH 3 , 2 ; and 



s 

IP 



The compound of claint x wherein ^ . 
-C-N, H 2 is cyelop . ntyl; Rj is seiected t ^ 

consist^ of - ( CH 2h - N „. C(=N . N02) _ NHj ^ 

) «H 2 , Q xs selected f rom the g 

consisting of -R/nwi 

g ot B(OH) 2/ -C(-0)C(-0)NH-R 7 , 

— B O 

/ I — B O 

I / and / / 
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14. The compound of claim 1 wherein R, is 
-CHN; R, is cyclopentyl; R, is selected from the group 
consisting of - ( CH 2 ) j-NH-C ( =N-N0 2 ) -NH 2 and 

- ( CH 2 ) J -NH-C(=N- J )-NH 2 ; Q is -CH-R,; R, is -CH(CH,) 2 ; and R. is 
5 selected from the group consisting of =N-NHC ( =0 ) -NH 2 / -N-OH. 
= N-0CH 3 , and =N-0-CH 2 -C 6 H 5 . 

15. A composition for inhibiting multicatalytic 
protease comprising a compound of claim 1 and a 
pharmaceutically acceptable carrier. 

10 16. A composition for decreasing the loss of 

mU scle mass comprising a compound of clai» 1 and a 
pharmaceutically acceptable carrier. 

17. A composition for the treatment of muscle 
wasting disorders comprising a compound of claim 1 and a 

15 pharmaceutically acceptable carrier. 

18. A composition of claim 17 wherein the disorder 
is a muscular dystrophy, cardiac cachexia, emphysema, 
diabetes, leprosy, malnutrition, osteomalacia or cancer 
cachexia. 



20 



*^r- the reduction of Cu/Zn 
19 A composition for the reauc 

acceptable carrier. 
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«• I*, co-portion of cl.» l9 „ h . rei „ t|m 

formula : 



0 o 



R,-(CH-,- CH- C NH CH — c — NH — R 

1 l ^ 



wherein: 

5 



10 



». is selected from the group cons . st ^ _ c=n 
-C(=0,0R„ phthali m ido, _ N „_ S02R9/ and _ NH _ j; 

is selected f rom the group consisting Qf 

^o* yl , alkyl having £rom _ tQ c ^ 

eyCl ° alkyl h3Ving '«« to seven c arbo „ S; 

is selected £ rom the group consisting of 
-(CH j) .- N „. C(=N . Rj) _ NHjf _ Re _ NOi> 

R < is -CH(CHj-R 7 )-Q; 

0 is selected f rom the grou p consisting of -CH-R 
-C(-0,CH J# -C ( =0)CH 2 C1, -C ( =0,CH 2 B r , -C(=0,CH 2 r 
15 -C(=0,CHF 2 , -C(=0)CF„ -C(-0 J C(-0,R 7 . 

-C(-0,C ( .o,KH- R|# -C ( =O,C0 2 -R„ -C ( =0,C0 2 H, - B( 0H )2 , 



0 (C(CH 3 hh A ' | | and | | 

x / 



where 



P and q, independently, are 2 or 3; 
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W is cycloalkyl; 
r 5 is selected from the group consisting of -N0 2 , 

-CN, and -J; 

R, is -(CH 2 ).-NH-C(=NH)-NH-; 

r is selected from the group consisting of phenyl, 
and alfcyl having fro. one to eight carbons, said al*yl croup 
being optionally substituted with one or more halogen atoms, 

aryl, or heteroaryl groups; 

r„ is selected from the group consisting of =0, 
10 .H-HHC ( .0,:HH,, -H-OH, =N-OCH„ =N-0-CH 2 -C s H5 ,~ =NNH-C ( =S ) -NH 2 - 

and =N-NH-J; 

R , is selected from the group consisting of 

h ydrogen, and al*yl having from one to six carbons, said 

al*yl group being optionally substituted with one or more 

15 halogen atoms, aryl or heteroaryl groups; 

j is a protecting group; 

n is an integer from 3 to 10; and 

m is an integer from 2 to 5 . 

21 A composition for the treatment of a disorder 
20 charactered by a reduction in Cu/Zn superoxide dismutase-1 
enZ yme activity comprising an inhibitor of multicatalyt.c 
protease and a pharmaceutical^ acceptable earner. 

22 . The composition of claim 21 wherein the 

«vrM-oAse is a compound of 
inhibitor of multicatalytxc protease 

25 formula: 
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o 0 



CH- C NH CH C — NH — R 

' -4 



wherein: 

Ri 



5 



is selects from the group CQnsisting Qf _ c=n 

-C(-0)OR„ phthali.ido, - NH -S0 2 R„ and _ NH . J; 

is selected from the group consis 
h y- xyl , alkyl having f _ _ ^ . 

cycloa 1Jcyl having ^ seven carfaong; 

* 3 is selected fro, the group cons isting of 

1Q s . z ' -i W» and -R 4 -CN; 

R« is -CH(CH z -R 7 )-q. 

Q is selected f rom the group consisting of -ch-r 
-C(-o)c, -cc-oowi. -c^och^, _ C(=0)CHjF( 

-C(-0,CHr Jf -C(=0)CF„ -C ( =0)C(=0,R 7 , 

' ( ° )C0 '- R " -C(=0)C0 2 H, -B(OH) 2 , 



0-(QCH 3W2 , M and | ^ 

(CH^ 



15 



where p and q , independently, are 2 or 3; 
W is cycloalkyl; 

R, is selected fron, the group consisting of - NOj , 
-CN, and -J; 
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R, is _(CH 2 ).-NH-C(=NH)-NH-; 

R , is selected from the group consisting of phenyl, 
and alXyl having fro. one to eight carbons, said aDcyl group 
being optionally substituted with one or more halogen atoms, 

5 aryl, or heteroaryl groups; 

Ra is selected from the group consisting of =0, 
= N-NHC(=0,-NH Z , -N-0H, =N-0CH„ =N-0-CH 2 -C 6 H 5 , =NNH-C ( =S ) -NH 2 

and =N-NH-J ; 

R , is selected from the group consisting of 

10 hydrogen, and alfcyl having from one to six carbons, said 

•Ikyl group being optionally substituted with one or more 

halogen atoms, aryl or heteroaryl groups; 

j is a protecting group; 

n is an integer from 3 to 10; and 

15 m is an integer from 2 to 5 . 

23. The composition of claim 21 wherein the 
disorder is amyotrophic lateral sclerosis, Parkinson's 
dise ase, Alzheimers's disease, Huntington's disease, stroke, 
trauma, or ischemia. 

24 . A method for inhibiting multicatalytic 

ii-iratalvtic protease with 
protease comprising contacting a mult.catalyt. 

an inhibitory amount of a compound of claim 1. 

25 a method for decreasing the loss of muscle 
roass comprising administering to a patient a therapeutically 
25 effective amount of a compound of claim 1- 
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C °" Pli "»' -W»i.»r ta , to , p , tl .„ e . 

27. The method of claim 26 U h= 
5 ,«= „ , ' wherexn said disorder 

oscular dystrophy/ cardiac cachexi ^ 

-pros,, malnutrition, osteomalacia Qr <«< 

«. ■ A method for reducing the delation of Cu / Zn 
superoxide dismutase-i enz ™ 0 

SS enz >^ e « a mamma! wherein said 
degradation is associated with - h- 
10 by said de* h " dis0rd « caused 

J .egredatxon comprising administering to . patient . 

therapeutical e ff ective Qf ^ J 

multicataiytic protease. 



29. The method of cl 
of multicatalytic prot 



iaim 2 8 wherein the inhibitor 
ease is a compound of formula: 



R ,-< CH ;>- ™- C NH CH — C — NH — R 

' J 4 



15 wherein: 



*. i. selected from the group consisting of - CSN 
-C(=0)0R 9/ phthalimido, - NH -S0 2 R„ and -NH-J; 
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r 2 is selected from the group consisting of H, 
hydroxyl, alkyl having from one to ten carbons, and 
cycloalkyl having from three to seven carbons; 

r, is selected from the group consisting of 
5 _(CH 2)o -NH-C(=N-R 3 )-NH 2 , -R«-N0 2 , -R.-J, and -R.-CN; 

r 4 is -ch(Ch 2 -r,)-Q; 

q is selected from the group consisting of -CH-R., 
-C<-0)CH„ -C(=0)CH 2 C1, -C(=0)CH 2 Br, -C(=0)CH 2 F, 

-C(=0).CHF 2 , _-C(-0)CFj, -C(=0)C(=0)R 7 , 

10 -C(=0)C(=0) N H-R 7 , -C(=0)CO J -R„ -C(=0)C0 2 H, -B(OH) 2 , 

n n _ B __ 0 B X (CH2)P 

~r i ~n n ■ - i i» 

0— (CCCHjhh , O— (CHa)p . 0-W, X^/ 



where p and q, independently, are 2 or 3 ; 
W is cycloalkyl; 
r 5 is selected from the group consisting of -N0 2 , 

-CN, and -J; 
15 Rj is -(CH^.-SH-Cl-HHl-NH-i 

R, is ..!.««. lw th. consisting of P^nyl, 

s„o .1*1 K.vino «»- on. «. .1*. »» »^ — 

b .i„, optionally s u „st«nt.a wit* on. or „. — g .n .«-.. 

aryl, or heteroaryl groups; 

_ 4?™ni the aroup consisting of -0, 
20 R a is selected from tne grouy 
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"N-NHC ( =0) -NH 2/ = N -0H, = N _ 0C H 3 , = N _ 0 - CH CH „ 

and =N-NH-J; ' ' < =S > 

H. is selected from the group 

hydrogen, and alfcyi having £roffl 

c ,,, , , su carbons , said 

5 alfcyl g roup being optional substi 

k^i ea with one or more 

halogen atoms, aryl or heteroaryl 

J is a protecting group; 

n is an integer from 3 to 10; and 

■ is an integer from 2 to 5 . 



10 30 



A method for the t.,-^,_ 

the tre atment of disorders 

min * in , „ . P , tl .„ t 

inhibitor of n, u ltic at , lytic 



an 



31. The method of claim in >. 

Cl3iJn 30 "herein the inhibitor 

ompound of formula: 



15 of multicatalytic protease is a c 



o 



R ~^~ CH- C - NH- CH- C - NH- R 

' i 4 



wherein: 



R, is selected from the group consisting of -c=N 
-C(=0)OR,, phthalimido, - N h- SOj R„ and _ NH _ J; 

is selected from the group consisting of H 
20 hydroxy!, alfcyl having f rom one to ^ 
cycloalkyl having from three to seven carbons- 
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Rj is selected from the group consisting of 
-<CH 2 ).-NH-C(=N-R 5 )-NH 2 , -R 6 -N0 2 , -R.-J, and" -R.-CN; 
R t is -CH(CH Z -R 7 )-Q? 

q is selected from the group consisting of -CH-R., 
5 -C(=0)CH 3 , -C(=0)CH 2 C1, -C(=0)CH 2 Br, -C(=0)CH 2 F, 
-C(=0)CHF 2 , -C(=0)CF3, -C(=0)C(=0)R 7 , 

-C(=0)C(=0)NH-R 7> -C(=0)C0 2 -R„ -C(=0)C0 2 H, -B(0H) 2 , 

0 

_ B _0 -B-0 - -B-0 f** 

|| II II 311(5 0 NH 

0— (QCH,)^ , 0— (CHa)p , 0-W , x^/ 



where p and q, independently, are 2 or 3; 
W is cycloalkyl; 
10 r 5 is selected from the group consisting of -NO,, 

-CN, and -J; 

R, is -<eH,).-NH-C(-NB)-»B-; 

r, i, selected from the aroup consisting o£ phenyl. 
a „d , lky l hsvin, <ro» one to .iohc 
15 tsi n, optionally substituted »ith on. or „or. h.iooen .«-.. 

aryl, or heteroaryl groups; 

R, is selected from the group consisting of =0, 
= N - N HC ( =0,- N H 2 , -OH, --0CH,. = N -0-CH 2 -C s H s , =NNH-C ( =S ) -NH 2 



20 



and =N-NH-J; 

R is selected from the group consisting of 

h ydrogen, and .1*1 having from one to six carbons, said 
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FIG. 2 
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CONCENTRATION OF COMPOUND 14 
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